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CLONING AND CHARACTCRIZATION OK T>VO NOVEL M-RNA 
TRANSCRIPTION FACTORS 

FIELD 

^ P« ^ .„ ,„ eo.™.rip,io„, ^ .„^,„ 

un<l=r„prtsM m cenain caj«;m. such >s torn. c»««». 



I are 



BACKGROUND 

■» '"'"^""■''''*"»^"'"-™-il«.fro„aONA«.;p,.„^.<,„,„f,h,.. 

~- p"--... ,p„, _ J 

mKNAooltculeihaicMesdirtcilyforapraej,,. "ting an 

acnvauo, RN. po„„,.^. „ , . , 

t™ Tp„o. TF„E. TP„F a« m„, ^.^ ,„ ^ 
20 ,™^„^^ i„i^.i.„ ^ „^ _ 

=.»»n» a», ,.,„,a. ^ „r ^ ^ „^^^ 

»c,a* _,„^ 

Cass „ . ^^^^^ ^ p™,ein^,o»i„ 

,to„nM ,„ huma. H.U clla. a, toa. fc., PCs (PC,. PC!. PO a«, PC4, have b«=„ 
sepajaledaaieomptaely or panlallvmrified 1^4) have ten 

. . paruany punned from the upstream siimuiaiory activity mSA\ 

^ bas, characa^^ pc is PC4. which ,s a s»^e- ^ ^.„^ ^, 
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Despite ,he con,plcxi.v of ' ^^'P' C'*'' 77:g05- 15. 1994, 

mammalian system ba.^d«n . • prote.n discovered in a 

^ -302. 1991; K.m ct al.. Gena Dev. 6:2569-79. 1992; 
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Xing ei aJ., Science 259.1326-30 1901- iin™»— , /- • 

^, ^ , • ■'""cnez-Garcia and Spector. Cf// 73:47-59 1993> 

H^enheless spHcia, .oes no. .nvaHab.y .a.e place a. ..ese si.es rMaaaJ. .a:.re 3,; 7^ ' 
Zhang cc a,.. 372:809-12. 1994; 2en, . ai.. ,6:140.- . 1997) ^1 J. 

W.^.<C.7.:.3-92. ^o^ ...... Bal.a.. :ir:r 

Spector (y. Ce« «o/ 133.710.32 ,Qo«, , "'^iion assays, Huang and 

«f . ^ recruited .0 the sites 

of acnve transcription for imron^:omainin8 templates bu, nm f« ■ 

sp.c.atio„ .Hat transcr^.ion and sp.icin. Is ^ ^'^^^ ^^^'^ 
ki^^k . - r B i aiKis/K are Jinked. In spue of ihese advancpc 

SUMMARY 

The presen. invention .alces advamage of the discovery of two pioieins n5-> ,nrf -7. 
cp^ss^n or ^ p„ i„ „^ ^ ^ ^^^^ P— 

., prTT "T" ' ^""^ - 

has an aciivtty of d52 or n7^ w»,*.« ,u . *'»""icu poiypcpiiae 

«e™,r , ^""^•''^ polypeptide has the activity of pS2 it acB as a 

general coaatvator of transcription, and selec.ivelv interacts with ASF/SF2I . 

splice site selection of SV40 early pre-mRNA in th. „ ' 

cany pre mRNA in the presence of HeLa cell nuclear e«ra« 

activator acivirv «f .k • - " cotranscriptional 

tivator acvry of the an,.«> acid sequence of SEQ ID NO 4. and/or the ASF/SF2 ^ h 

"^A spHcing activity of the a.^o acid se..„ce shown i„ SEQ ,D 
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which encodes a proiein ihai reiainc .h s'™geni conduions, and 

praein mat reiains the cotranscriptional activaior activity of d5-> «r . 

Which the encoded protein has Che act,v.t. Of p5^ thcl. 
S have the ASP/SP.-.edia.ed p.e-„^. -'^"-'-'^^ -so 

In some embodiments. ,he inv^tion aJso incitidcs an antihortv 
polypeptides of the invention m«h«H r c ^"^ody generated against the 

enhancing ASF/SF2-media.ed pre-mRNA snlicin. • '^^«"P»«»- »d methods of 

- a s.ncien. amount of the ~Z''' ^'^^^ 

disease caused by defects in t«„. "'"^i^™^!- The methods can also incltide treating a 

uic p;>^ or p75 protem. such as under-exnreecinn k ^ r 
mutauon in a nucleic acid sequence encoding rh ^^resston. by .dent.fy.ng a 

SEQ ID NO 5 in a samp.e derived f!,l . °' '"^ ^'^^^^"^ 

diagnosed is cancer si as 7 the disease 

gnoseo IS cancer, such as adenocarcinoma of the breast 

having the aciiviiv' of d57 or «7s ..i, , ^fl"*nce encoding a protein 

^^^^^^ 

Vet other embodiments of the invention incluA^ nr«i- ^ 
Oligonucleotide that, at, east 20 30 or 50 con^" T ^"^^P^^- 
ID NO 9; or a. leas. 6 7 or 8 co . °' ^EQ 

r at ieasi 6. 7 or 8 contiguous nucleotides of SEQ ID NO 10 The «m , 

^ ' ^- "nder wash conditions of 
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^^.2 . SSC an. 0. , . SOS. ^ ... encodes a p..e. .av., p52 o. p.5 p.o.e. .o.o..a. 

The foregoing ^ ocher objccu. fca.ures. and advantages of invention wHl 
beco.. .ore apparent fro. ^ following de.i.cd description of a preferr«, e.bodin.cn. which 
proceeds w„h reference to d« accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

sian codon (ATG) and siop codon (TAA) are in bold. 

FIG. 2 shows .he p75 cDNA sequence wi.h .he protein coding region underlined Tf^ 
s«r.a«,stopcodo.arei„ho,d.and3e,uencesidenUca.top52arecapiJiJ ^ 
sequences oJ'V.^^' ^-^^ ^-^^ -id 

^and 7^«9> pepndes are u^ierlined. The high.y charged C-.ennina. do»atn of p52 is shad^ 

The boxed amino acid residues indicated in (B) is the C.ern,in»i >s shaded. 

in Koj IS ine (.-.erniuial region unique to p75 

»eqiiciiccs.wiih regions of homologynolea. """".I 

™^*""""'>'°"'»'"»-y«»<.fp32(A)»dp75mRNA.«p„»o„. ^ 
„p„ Of ^ ^„ »^ ^ 

««.-p32 »,„bod,e, (rtsh, wl,ich ,««„g.i», boA p5, a„, p„ ' 

PC. w„c wi* p^f,^ f,„o„ i„ d„ 0, i„ ^ 

«..v„., CAU.AH „ i^c^a. T,™„ip. orpG^MOAT .J.'^^^, 
(»ni,<.ll»,al»„pl„«.„i„ai^l^,^ ' "OaiMpMLASS 

«"v„„. (A,Ira.»,p„o„„fciu,=,GA.^.VP,6„a™= , - ,0) <,, OAl^.,E ,1™, „-2„, 
T»»cnp.^ „OAU.CTP e. ,0 « OAM-Sp, (U,. «^ .^A^ 

O B " '"■ ^' '° ~ on 

VP,. ™' ' °' ' - P75 »d 
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FIG. JO is a digital image showinc ihe resuh of d^, k* . 

interaction ofp52 with native ASF/SF^ rr. ^- k- ^ ^^'^^'^ direct specific 

r «:t - . ASF/SF2. (C) S.x h.s«d.ne-iagged recombinant ASF/SF^ ^.,„. . . 

GST-tused wild type ASF/SF2 (GST-ASF. lane 2) GST-fused RNA k^- 

(GST-4RS lane 3» »„H rc-r , . RNA-b«od,ng domains of ASF/S.-^ 

ak:., lane 3) and GST-fused RS domain of ASF/SF"" /GST-RS ^. 
"P-labeled GST-K-p52 fD) ScHp™ , <GST-RS, lane 4, were probed with 

'0 FIG i/ h "on Of rccombinan. ASF/SF2 proteins. 

MO. 12 Shows shows the results of an ^rNi 
^«W.reconstit„.„_. ^rjir:—^^^ ^ 

extract. .A> 2 ^^^7^ ^ ^^'""^ 

. pSVi66; ^^^•"^"'•^^^'^"'^'-'-^-^^^---'^--HNAderiv^^ 

Fro. 14 shows the results of ai. in .irro splicing assays t«ing HeLa cell SlOn 
, ^ ^ , ^ ^ added ASF/SP^^^^^^^^^^ 

sphced products and mtermedia.es are indicated schematically a. right. 

FIG. 15 is a digital image of a (A) Notnhcm blot and a (B) Western hi™ k • . 
level of p52 and p75 (A) RNA and (fl^ „r«. " ^^""^ 

P (A) RNA and (B) protem expression in several cancer cell lines. 

SEQUENCE LISTING 

.^-,.r::rzrz=,rrc=:— " 

AF098483. ' ^'"^^ ""^'""^'^ '^^""""^ '^^^-^ Accession No. 

Ga„R V. ^^'''''°'''°*''""^*"°^'='''-''"^'-°f''"n'anp75 positions 1-530 
GenBank Accession No. AAC97946. 

AH)9«482. " *^ ""''^^^ ^"^-^ °^ ^"B^ Acce^ion No. 

'''''^''°"'^'*««™°°^*'i^quence of human p52posiuons 1-333 
GenBank Accession No. AAC97945. P««iuons I 333. 

,n ' P"''^^^- '-325. 

SEQ ID NO 6 shows the amino acid sequence of human p52 positions 326-333. 
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SEQ ID NOs ] 1-13 show the amino acid sequences for the oem.v*, f 
from .he N-ennina. sc,.e„cu,, of a 75 kDa poiypep. J '^"'^ ^""'''"^ 

SEQ ,D NO 14 Shows che amino acid sequence of human p75 posieions 326-530. 

DETAILED DESCRIPTION OF SEVERAL EMBODIMENTS 
AbbreviaUons and Definitions 
nie following abbreviations and definidons are used herein: 
bovine serum albumin 
dithiotbeitol 

fast performance liquid chromatography 
glutathione-S-transferase 
hean muscle kinase 

20 IPTP 

isopropyl P-D-thiogalaciopyranoside 
phosphate buffered saline 

PCs 

^ positive cofactors 

phenylmeihylsulfonyl fluoride 

RX 

room lemperaiure 

S^PAGE sodium dodecy, sulface-polyacrylamide ge, electrophoresis 

^ Upstream stimulatory activity 

irn> 

untranslated region 

HeLa cells: A.T.C.C. (Manassas, VA) number CCL' »k 

f.™ ad.,»c„i„„„a „r «,e ce„ix. "'^™<' 

MCF 7 cells: A.T.C.C. fManassas. VA) number HTE a. .. .• 
a human adenocarcinoma of ,h. number HTB-22. A cell Iwe derived from 

enocarcmoma ot the mammary gland with pleural effusion 
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Adenovirus Eia- i r^w. 

example, mammals and birds. ^'-gamsms. a category which includes, for 

ASF/SF2: Alternative splicing fa«or/splicii,« facior ^ . 
ofthesenne-arginine rich (SR)pro.ein family Whenadl u "^'^ ^""""^ ^ » -mber 

^0 the pane., hu. not the efncienc. ofspilcino " " "^'^ — ^e.^ates 

occur in HeUceHSIOOe.t,.ct,cyropL:erc;;;^^^^ 

extract activates splicing. ^'"""'^'^ "^ASF/SF2 to HeLa cell SlOO 

Cotranscriplionai activation- Act 
modulate functional interactions between DNa CT "^'''^ 
15 transcription factors. ^^NA-bo.nd gene specific regulators and genera/ 

"".V,, or, ^^^^ ^ ^^^^ ^^^^^ 

^NA: deoxyribonucleic acid DNa* 

„ ««o. , „o.;rriT ' r^™ ^ ^ - '^''"»« 

~ eo. ,0, ™^ L i~ '"^-^ - - 

A4S6FP442: This rtoxati'on refers ro Kr.*K *u . 
^o«^» f^ p,o.lT, "'"'■'"^ 
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~=i~„* ^, d*rxr ' 
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" ■^'e-»- incdm, „f ,„ 

P« cDNA: A ™™„,„.„ . " '»'"» 

^«J«ences presen, i„ u« p75 gene. ' "^''"'^ '"""^'^"on reguj^o^. 
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Mutant p7S gene, a mutan; fonn of ,he p75 gene which in some (bui all) 
embodimcnis is associated whh breasi carcinoma. 

Mutant pS2 RNA: lbs RNA transcribed from a mutant p52 gene 
Mutant p75 RNA: Ae RNA .nmscribed from a muian, p75 gene. 
5 Mutant pS2 protein: the protein encoded by a muiani p52 gene. 

Mutant p75 protein: Ae pro,ein encoded by a mutani p75 gene 
Oligonucleotide: A linear polynucleotide sequence of up to about 200 nucleotide 
bases .n length, for example a polynucleotide rsuch as DNA or RNA) which is at least 6 
nucleotides, for example at least 15. 50. 100 or even 200 nucleotides long. 
•0 Operablv linked: A firs, nucleic acid sequence is operably linked with a second 

nucletc acid seqt.e„ce when the firs, nucleic acid sequence is placed in a fi.nc..onal relat.onsh.p wi,h 
. e second nucleic acid sequence. Por instance, a promoter . operab.y linked .o a coding sequence 

Lt onT" °' °--»- ^-^'v 

Meed DNA sequences are contiguous and, where necessary u, Join two protein coding re.ons. in 
i5 the same reading frame. 

ORF: open eo»,ai.s a „rte .rip^, 
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PCR: polymerase chain reaction. Describes a technique in which cycles of 
dcnaturation, annealing with primer, and then extension wid, DNA polymerase are used .o amplily 
the number of copies of a target DNA sequence. 

PhannaceuticaUy acceptable carriers: The pharmaceutically acceptable carriers 
-ctu,.„,h. invention arc conventional. Remin gi^ Pharmaceutic.. 

s!.™"" - '"^-^'^ - ^~ns " 

sutcablc for pharmaceutical delivery of the nucleic acids and proteins herein disclosed 

In general, the nature of the carrier will depend on Uie particular mode of 

admmistration being employed. For instance, parenteral formulations usually comprise injectable 

nutds that tnclude pharmaceutically and physiologically acceptable Ouids such as water 

^''"^^"^ 

sutts the mode of adm.mstration. For solid compositions (e.g.. powder, pi,,, .blet. or capsu-e 
forms, conventional non-toxic solid carriers can include, for example, pharmaceutical grades of 
^annuc. lactose, starch, sodium saccharine, cellulose, magnesium carbonate, or magnesium 
stearatc, ,a addition to b.ologically-ncutra, carriers, phannaceuUcal compositions to be 
admrntstered can contatn minor amounts of non-toxic auxiliaty substances, such as wetting or 

~m::~ 
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ligands. chemiJumin«ceni aeen« radioactive isotopes. 

0~ne P»bl,*,„g A,s„c«»s Wiley.,„,erscie„c„ (19871 

■ ^ °' more consecutive nucleotides. 

^ ^ ..^^ doiiL T:r. rjrr? " " 
------- ~:r:r:zrr'^"°" ^ 

.eUUv, „™ '^Cto.'^IZ '""■^^ " '--^ » . 
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oi in. loal pepirfc or proicii coniem or rhc preprafon. 

e.g. . by genetic engineering lechniques. ' 

su..a. spec. ~r ^^^^^ " -^^^"^^ .o., 

, n needJe aspirates. anm,ocenics.s samples, and auiopsy material 

Spl: a transcriptional activator containing a gluuminc-rich actuation domain 
Sequence idcntit.v: The similarity between ,wo nucleic acid seaue„c« 
acid sequences i< «.rmv.«-rf . , sequences, or iwo amino 

■ 

Homologues or orrhologs of the p52 and p75 orotein.. ,nH ,i. 

Typically. p52 and p75 onhologs are at least 50% idenrir»i 
at least 50% identical at the an.in« = v, , . nucleotide level and 

P52 or P73. ^ - - onhologous 

Methods of aligmnem Of sequences for comparison are .el, icnown in Ute an 
ITZTZ -::r~- - — - Sml. . waterman: Z^,. 

o>» M.^w. 1988. Higgms & Sharp. Gene. 73 237-44 iqor. . 
CABlOS5:l5l-3 l«W9- r«™., . . '9«8, Higgins & Sharp. 
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hnp:/,www.„cbi.nl..„U,.gov,BLAST/. A description of how co cie.en„i„e sequence idenri.v using 

this program is available a. h«p://www.nch; n.n, r,.. .c^^,^., ,„ , 

Alternatively. ot,e ca„ align the sequences by hand, and then count the number of 
.denucal nucleic acids or amino acid residues bc.«.een the sequences. T,. resulting value is 

d.v„^dbythetotalnu™berofresiducsintheseque„ceof.n.erest. Multiplying this numbc. by 100 
IS the percent identity between .he two sequences. 

Homoiogues of :he disclosed human p52 and p75 proteins typically possess at leas, 
^% sequence identity counted over lul,-lcng.h alignment wid> the amim, acid sequence of .uman 

.0 ""^'^''''""''^^^ Forcomparisonsof 

am.no ac,d sequences of greater than about 30 amtno acids, the Blast 2 sequences function is 

entployed using the default BLOSUM62 matrix se, to defauU parameters, (gap existence cos, of 1 1 
and a per residue gap cost of 1). When aligning shon peptides (fewer than around 30 atnino acids/ 
the ahgnmem should be performed using the Blast 2 sequences function, employing the PAM30 ' 
mainx set to default parameu^rs (open gap 9. extension gap l pex^.ties). Proceins with even greater 
s,m aruy ro the reference sequence will show increasing pe„.„.ge identities when assessed by .hi, 
tnethod. such as at least 70%. at least 75%. at least 80^. at leas. 90%. at least 95%. at leas. 98^ " 
or a. least 99% sequence identity. When less than the entire sequence is being compared for ' ' 
sequence idemity. bomologues win .ypically possess at least 75% sequence identity over short 
wndows Of 10-20 amino acids, and may possess sequence identities of at least 85%. at least 90% 
at least 95%. or at least 98% seqence identity, depending on their similarity to the reference ' 
sequence. Methods for determining sequence identity over such short windows are described at 
h,tp://www.ncbl.nlro.nih.gov/BLAST/blast_FAQs.himl. 

One of ordinao' ski,, i„ dtc an will appreciate that these sequence identitv ranges arc 
provided for guidance only; i, is entirely possible that strongly signiftcant homologues could be 
Obtained that fall outside of the ranges provided. The present Invention provides not only .he 
peptide homologues that are described above, but also nucleic acid molecules that encode such 
Aomoiogues. 

An alternative iml.ca.ion that two nucleic acid molecules are closely related is that the 
•wo molecules hybridize to each other under stringem conditions, as described in EXAMPLE 28 

Specific binding agent: An.agent that binds substantially only to a defined target As 
used herein, .he terms -p75 peptide specific binding agent" and ^p52 peptide specific binding 
agent includes anti.p75 or anti.p52 peptide antibodies and other agents .ha. bind substantiallv only 
to the p75 and/or p52 peptides. Tl.e antibodies may be monoclonal or polyclonal antibodies .'hat are 
specific for the p75 and/or p52 peptides, as well as immunologically effective portions 
C lragments") .hereof. ,n one embod.ment. the antibodies used in Ae present invention are 
nK,noclo„al antibodies (or itnmunologically effective portions thereof) and may aL=o be humat^ized 
n^onocional antibodies (or immunologically effective portions thereof). Immunologically effective 
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ponions of monoclonal anybodies include Fab. Fab" F(ab ) F«h. n 

also be p^ocuced sca«.3rd p^.edures descid a b T " '"'"^'^ 

Tl^decem^ionLt a par.cu,aT^.trb- . '^"'^'^ '''''' 

^^^^^^-—^^^^^^^^^^^ 

assay makes of d,e Western blotting procedure (described I . 

Tran^enfc CeU: transformed cells which contain f„.» 

contain foreign, non-native DNA 

USA: upstream stimulatory aciiviiy ruSA) fraction Thu f 
nuclear extract derived from human HeLa cells as des^ri^T m ^ 
!5 67:557-67 1991) Th. .Ka . . . '^««««^« and Roeder ( O// 

VPi6: a .ranscriptiona, activator contai^ng an acidic activation domain 

antibodies pI^IT Vr^""^"" - generate monoclonal 

amii>odics. Purchased from Jnvitrogen (Carlsbad. CA) 

■'»»„p.»n as,., ^ ^.^^ ^^^^^ *« » 
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specificanon. EXAMPLE 18) d^closed i„ oie preseni 

Variants of Amino Acid and Nucleic Acid Sequences- 71,. ^ 
P75 proceins can 5e accompJished in a vaner>. of wavs if T" " 
ONA ..uences .Hich encode for .e p o Ifr T" ' 

"0 accomplish tti, exp,«™„ u„ ' ««>"»-pl™. In 

'5 beprcte^ °"" "How,, tep™..»„ 

~j:::r::r::irLr:rr^"'''^^ 

™y b. «l ,„ p^^, ,„,,^„^ ,„ ,^ Of «» m«in. For »„p|,, pcR 

^» 3n.,„ z:r - 

o, . Jp«.pep,,:t: " — 

" lie f" Me,; M.,. Uu or Tvr for Ph.- TH , . to; Arj „, Ote f„ L,.; Uu 

» Tn; »<. lie u„ Va,. ''^ " "» <" 

no.. ™,« ,„ ^„ ,„ ^ ^.^ ^^^^ 
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.dmuy of the encoded protein. Tne imn,anoloeic idcmiry of the protein mav be ^ssed by 
dettmunii^g whether it is recognized by an antibody to p52 or p75: a variant tha. is recognized by 
such an antibody is itnmunologically conserved. In one embodin^nt. a cDN A sequence variant 
W.II imroduce no more Utan 20. and for example fewer than ,0 an,i„o acid substitutions into the 
encoded polypeptide. Variant amino acid sequences can. for example, be 80%. 90% or even 95% 
identical to the native amino acid sequence. 

Vector: A nucleic acid molecule as introduced into a host cell, therebv producing a 
transformed host cell. A vector may include nucleic acid sequences that permit it to r^licate in the 
host cc.1. such as an origin of replication. A vector may also include one or more selectable 
10 marker genes and other genetic elements known in the an. 
Tumor: A neoplasm. 
Neoplasm: An abnormal growth of cells. 

Cancer: A malignant neoplasm that has undergone characteristic anaplasia with loss 
Of d.ffe«nt.a,ion. increased rate of growth, invasion of surrounding tissue, and is capable of 
i5 metastasis. 

Malignani: cells which have the properties of anaplasia invasion and metastasis. 
Normal cells: Non-rumor, non-malignant cells. 

Mammal: ™s term includes both human and non-human mammals. Similarly the 
term -subject" includes both human and veterinary subjects. 
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Additional definitions of common terms in molecular biology may be found in Lewin 
B, "Genes V published by Oxford University Press. 
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EXAMPLE 1 
Cloning of p75 and pS2 

This example describes the cloning of p75 and p52 proteins. A protein of 
approximately 75 kD was observed .o copurify with the general transcriptional coactivator PC4 To 
.denttfj. this protein, the 75 kDa polypeptide-containing Mono S fraction was resolved by SDS- 
PAGE and transferred to a nitrocellulose membrane. After v.suaUzation of the p.otems by Ponceau 
S staming. the 75 kDa polypeptide was excised and subjected to N-terminal sequencing and in sUu 
trypsm dtgesiion for internal sequence analyses. One N-terminal, 
XXDFKPGDLIFAKMKGYPHXPAXVD (SEQ ID NO II J and two i«emal 
G/KYPT/HSPAS/RVDEVPDG/AAVKPPTNK (SEQ ID NO 12) and GFNEGLWEIDNNPK (SEQ 
ID NO 13) sequences were obtained. A degenerate oligonucleotide 5" 

GATTrCAARCCIGGlGATCTirrrCClAARATGAARGGITACCCICA 3" (SEQ ID NO 7) 
based on the N-teminal peptide sequence according to human codon bias, was used to screen a 
HeU cDNA library in the lambda ZAPII vector. One of the resuitmg three positive clones 
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contained a i .8 kb insenion fSEQ ID NO 3> with a 

BSI n fragment, from ihe coding « , fPsi I- 

6 . rroin uie coding sequence for amino acid residue 1 84 to 8S hn 

3 stop codon, Viewed ,0 positive Cones whose inserts have 3" UTR 

P52 CDNA. Although .ost had long y UTR and J T • °' 
Tl.e 5- end of a . 4 kb insen ' """^ ^"'^ '^^'-E regions 

a oi a 3.4 kb insertion corresponds to the sequence of o52cnM^ g «ns. 

upstream of unique Pst I site h... .Ko "^"^ at bp 620. 5 bp 

que rsi 1 site, but the sequence diverges from bn irnn k 
stop codon. This differenr 1 • c»„ ^ ' «P"rcam of the p52 

.0 <s.o .rr , r :~ "™ --^ 

PCR using a 5- primer corr« w ^ ^^=8'°" °fp75 was confirmed by 

gas prtmer correspo«hng to 5' UTR and stan codon sequences of d52 cDN a / 

Pnmer corresponding to a unique sequence of p75 CDNA FIG J"^"''''^'=°'^^---3• 
regtons of homology be.weenp52 and p75. "^•^^•'o-- comparison Of the 

15 

EXAMPLE 2 
Northern Analysis of p7S and pS2 RNA E:.pressio„ 
This example describes the Northern bio. analyses of p52 and o75 HNa 
PoivA. RNAs isolated from human tissues fClonTech Pa,o Alto CA . 

analysis according to the manufacturer's ins.ruc.ions ""^"^ '""^'^ 

> O...SDSfor20mi„utesa.55»c The ZroTh "'"'""^ ^^"^ ^ 

...otides.....se...o"3;:^^^^^^^^ 

EXAMPLES 
Generation of Antibodies Against p52 ami p75 
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producion of polyclonal an.ibodies by i„jecun« N2W • k- 

P75 (FIG. 6). recognizes natural and recombinam p52 a,ul 

P75-Specific amibodies. ami«, _ " '° P52. To 

generate 

-eoo be used as ebe a„u.e.c I"''" ^^^^ ^ 

described in EXAMPLE 2! ^"^""'-ely using ^o^ods 

10 

EXAMPLE 4 
Expression of Recombinant pS2 and p75 

lite N™ ..EcoK V f„„, ' " ''■"™™' »' 

Tl" four plasmid! described abo,e ro 5 „, DMA , 
..preyed b, «^ , ...J'^l"'"'"'' ™" BU, ccU 

w„ ,pp,i,, „ . ' " '° """""S-Phy. Fir. 

-.i^i-ioe residue. „„„ „^ ^ ^ """" """"^ sU 

Mo» . s„p„de, .00 cbXr " ^ 

OST-K-p^. „e,. punned bv .pp,y,„ ^ , " ^ ''"'^ <«T-K-.«2 ™, 

fWyelo™! ™ib„die. .»ins. reco^biium o52 cv,„„, 
'""""■i""' P52 »«1 P75 p,™eii» „ well , ^''■^WLE 3, reeogrtod .be 

— .b*, cobcia j::::' t " 

c^ooe d,e P52 ,^ p„ ' ^ '"'^ Co« eDN^ 
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EXAMPLE 5 
in vitro trajKcriptfon assay 
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15 "P-iaWc. CAM DNA bindi., do».i„.«,™i„. " ' '" """"" 

— »™p.,e <pc.„Mc..„ c::i:r:r 17: "^^^ 

TATA box a«d adenovirus m,in . • "P^"^ °f "^V-l 

linked .0 a 300 bp G-J«s cassctre Th ^-^3 to + 10) 

,„o^,a, 1^2, ~ 
.ten., of aoMltTAuTH IT^, T"""' » 

Ukc ™,„,Oi.a„, PC4, ^ _ 7' " Of GAU-AH ,^ „. 

Of CAU-AH ,„o„ 3 a. „oI ^ T " " 

■l«prB.ocaofOAU-AH(Jam:4, , ' Ta-criptton in 

-«........a.:.j,o^r.rcr:::::;— 

resulK i„<lta,„ to «oonbioa,„ psj „^ ,„ , , ' "^^ "o""' " f"'*- 
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EXAMPLE 6 
p52 and p75 as General Coadivators 

'^ ^''^^^^'^^ a" »s general coaciivaionj of transcrimion tk- 
5 assay can be userf m >»« ■k» _ • - "anscnpnon. This 

y an be used .o ,es. ,he coacuvaior functions of p52 and/or p75 containing variant „ucl..> 
or ammo acid sequences d52 and/nr r.7< . variant nucleic actd 

EXAMPLES r ' '^""^"'°™'°«"«^''P52a«./orp75n,in,etics. As shown in 
EXAMPLE 5. recombinant p52 and p75 (particu.ariy p52, both can facili.a. .ranscripuonal 
activation by GAL4-AH. „ .as next determined witether. .ice PC4. diey also ZlT 
n«,re general coactiva.ors to potentiate activated tra^cription by otber uTT'^ 
«0 v,V. transcnption assay described in EXAMPLE 5. p52 and p7 <4 59 ZZor 13 5 . ^ 
were incubated with 30 ng of transcripiional activator. Both p5. nd p^sT^r , 
acuvation botb by the acidic activation domatn of VP|6 .Prc "a .T Tb H 
activation dotnain (Martin etal., Ger,esDe. 4-237, ,1 w ' ""^ "'"^'^ 

protein (FIG. 8A lanes P I7i n - P^eudorabies immediate early 

y ^ '-""^"^ '^'^«n'«"on-<Jependem manner (^^^^ 

•3 F.C. 8A illustrates .He increasing concentration of p52. p75 ^ PC4 HO T""' 
recombinant pS: strongly stimulates transcriptional ac.ivat^n by GAI^ ^on ' ^ • 
the proline-rich activation domain of CTF (lane 6 vs lane 2. , 

ofSpl(la„e7vs Iane3^ rh. 7""' ^ '"^ '^'^ «"««™'«-rich activation domain 

P ttane vs. lane 3). the activation domain of adenovirus Ei A (lane 9 vs . 

Shown above, the IE activation domain (lane 8 vs lane 4> Th ' 
20 FIG. 8C. ^ qtiamtuuion of FIG. 8B is shown in 

The coactivator functions observed with p52 closely parallel those of PC4 • ,k 
-ay (PIG. 8B. lanes vs. lanes M-l. see PIG. 8C for . JiLtion) ™ r 
only a moderate effect on activation by the pro.ine-rich activation domain of ^72 , 
activation domain of pseudorabies IE (HG. 4B lanes 10 and P) a™i7 
!5 activation by either the dutamin. r h • . '"^ ''^^ ~' "S"ifi'=»tiy enhance 

nanes n and ,3/^^^^^ '^7-"'*-"--'>-inof Spl or the activation domain of ElA 

system tI 7^''''' ^''^ ''''''''''' ^'^'^^ 

system. Taken cogciher. ihesc observations demonstrate thac recombinant nSa oro. 
as a ge«.ra. transcriptional coactivator. comparable to PC4 whereas p^sZ 
potentiating activator function. ' "'^^-^'^ 

) 

EXAMPLE 7 
Pratein-PrDteiB Interactions 
This example describes experiments conducted to dctcrmim. if ^ - 

V r J o nision proteins was assessed . 
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Recombinanr ^-P-labeled 6H(K)p52 and f^urv\r.'7< 
EXAMPLE 4 Thr.- Hiff 6HfK)p75 were prepared as described in 

firs, coniained 0« active bioani. " -^"^ 

fGST-VP.6) Tl,e^ 7 """" --™P-i„g VP.a residues 4,3-490 

i^^i VP16). TUe second contained a panialiv active domain lacking r . ■ , 
5 iCST-M56) -nw-ihirw. . '^•='""6 the C-terminal 34 residues 

^«6). The ih.rd con^.ned an inactive domain containing an additional ohenv... • 
proline point mutation a. position 442 in, he ,n,„c,.«,H '•<''"'>«a] phenyalanine to 

ni=.c„ H ""''^ "heated denvative (A456FP442) These th«* 

P'^Tnuk were exoresse^i in V A an c ,■ 'ncseinree 

expressed ,nXA-90£.c«,/> cells, which were then induced with I mMIPTrr , 
hours lo exDress the r^r^r^w, w«n t mM JPTG for 3 

^^'^ '-'P-labeled (see EXAMPLE 9> 6H(K)p5^ or 6HrK^n7S - . ,n 
each GST.VPi/; r. «rniv;p:>^ or 6H(K)p75, wiih 10-20 \ig of 

cacn ui> I - VP 1 6 fusion protein, was incubated at d^r ^ u 

IS • w mM KCl) to reduce non-specific binding. Then '>0% of 

15 ^W»g bound proteins were analyzed by SDS-PAGEa„.lrf, i .0 of the 

alone (lanes and 5 > to o<!T aj<:/; , . waci vca wim OM 

ano5).ioGST-A456(laiies3and7).andGST-A456FP442aanes4a„rfsx tk 
the fonction of the VP,6 activation donutin in a p52/d75 d.„.nH 
20 ability to bind p52/p75. P52/p75-depcnden. assay conflates well with its 

The interactions between p52 or p75 and components of the basal transcription 

with BClOO (see EXAMPi F '""^ 

i"u (see EXAMPLE 13) to remove unbound, and non-spectfically bound nro.Hn. t., 
remaining proteins were eluted with 2-3 volumes of 0 3 KO / k- T , 

proteins, ih^n 77, , 8°-^% of the 

jJioicinsi. then 2-3 volumes of 1 M KCl Th- 
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EXAMPLES 

Preparation of Other Recombinant Proteins 

This example describes the preparation of od,cr recombinant oroteins TTte n75 . 
protein was expressed in BL21 r mii * . Proieins. The p75-c 

BI_1 E. col, cells from the plasmid pETl ld-p75-c in which a PGR 
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f^en. co.«po««„, .o *e C-.en.ln., coding region or p75 fro. a.i«. .cid „sid„es 334 .o 
530 was .nsened i„.o pETUd vecor. After . n,M iPTC induc.^n for 3 hours, the r.con,b.>«„. 
pr«e.. were punT«d by app.yin, u.e baceHai .ysa.e to a Ni^^ agarose affinity co.u.n. P.as.ids 

GST-fus.on pr«e.„s wer. expressed and purified as described in EXAMPLE 4 (a.so see Ge and 
Roeder. C*// 78:513-23. 1994). so see ue and 

EXAMPLE 9 
In vitro Labeling of Proteins with HMK 

n.is example describes ihc procedure for labeling pro^ins wid, »p 

7^: .0. NaC- . DTT. 12 n,M MgCl; 300 .Ci .-«P.ATP: and 5 uni.s HMK fS J s. 
Lou-s^MO). Which is incubated for 1 hour a. 30«C. Upon the co.p.et.on of the reaction, the ' " 
labeled protetn is passed over a G50 column to remove free nucleotides. 

EXAMPLE 10 
pS2-PC4 in vim Interactions 

and/or p75 mimetics with PC4. 

^. ■-.2749-62. „93,. ,„ EXAMPLE „^ ^ 

Phosphocl,*^ ~*™»- .00 n*,. 300 500 U,„ 850 ™m KC, 

1^ EXAMPLE ,3, Af„r ..ch ft«Uo„ w„ s^S-PAOE ^ „ , pvDF 

« _ „^ ^.^^^ » OST.K U^^ ^ HMK <„ 

wi* „- ™- ■ 'A. „„ i„„„„^ ^ ^ 
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EXAMPLE 11 
Identification of the 34 kD Doublet Protein 



0 



*^ ^w. lo confirm thai the doublei was a^p/cc^ 

EXAMPLE ,5,. w.„ F,JLr»!riT ' """" '"^ 

10 . . ^ ■ Wot analysis fsee EXAMPLE 13) 

AS snown in FIG IiB n<;T ir ~«-» 

«. 0^..,^ Loire: r:: ^ — 

■« <ta 3), « m., „„. teio^ „ S5 
EXAMPLE 12 

^ "f^SF/SFZ Domains tha.bmdp52 

rarwesiero blot analysis (see EXAMPLE 13) After P,rh • 

resolved by SDS-PAGE and .ra„sferred,U«re„a,uredoro.. '^'''^'^ *^'"<'" P™'-" -as 
iabelcd by HMK (see EXAMPLE 9). GST-K-p52 
As shown in Fff; i ir* -^c* • 

.i^r s.« „^ „ oToi^'r ™ -^'^f- 

or ufi>T (lane 2) and weakly wiih GST ai>c n 

=ST.Rs ,„„ 4,. -n,,, ^ " °" 

truncations as described above for asf/<:p7 u 
-".agenesis. These variant recombinant p52 proteins would ,h J ' 
analysis With wild-,vpeASF/SF- Th „ Farwestern 

. Pe ASF/SF2. Tbose p52 n,ata„. .h.. ^bow i„ier»:tions wiU, ASP/SF2 contain 
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cucacions in region are no, esscmi.. for 0,0 ASF/SF2 interacuon. In coa.rast. .uu.ms *a. do 
no. .«rac. wUh ASF/SF2 coniain ..azions in regions a,, are probably i.portan. for the 
ASF/SF2 ,n.erac,ion. One region of p52 *a. is of particular imercst are .he highly charged C- 
tennina. .3. a.i«, acids <shaded residue i„ F,C. 3A,. Greater U«n 50% of .hese an,i„o acids are 
chargea. .„d,ca.ing O^a, Aey may play some role in pn„ein-pro.ci„ imeracions 
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EXAMPLE 13 
Farwestcm Blot Analysis 
For Farwes.em bio. assays, protein samples were resolved by SDS-PAGE fl2% 

,T' . n^mbrane was i„cuba«d in 6 M guanidine-HCl in buffer BClOO <20 mM Tris-Cl pH 

wuh 3.0. 1.5. 0.75. a™. 0.375 Mgoanidine-HCl in buffer BClOO for 10 minutes each at RT TT,e 
mem rane was washed .wice with buffer BClOO. incubated in buffer BClOO confining 1 % ,ry 
m. k or one hour, followed by an incubation in buffer BClOO confining 15. dry mU. and 10 20 

BZ:^Z2rT ^^~--«~--^*3-4changesofbuffer 
.BC200 (BCOO buffer w.d. 200 mM KCl) and the signals visualized by autoradiography. 

EXAMPLE 14 
PS2-ASF/SF2 in vivo Interactions 

-niis example describes how co-immunoprecipitation assays were used to detect p5-' 
..eracung .Uh ASF,SF2 . W.. This assay can also be used .o tes. the . ... interactions of" 

w 1 aT;;i' t ""'^ ^""^ ~- 

.th ASF/SF2. For co-.mmunoprecipitation assays. anti-p52 polyclonal antibodies (see EXAMPLE 

«> 0^ M KCl and reloaded 4-5 Umes by g„vi.y on.o a 0.2 ml ami.p52 column. After extensively 
washmg With buffer A500<A100buffer.seeEXAMPLE7. with 500 mM KO). bound protel 
we.eutedwithbufferA500conuini„g,00mMglycine.pH2.5>orA500c™^^^^^ .00 mM 
^e^iamme (p„ .2) and precipi.ted with 10% TCA before immu„oblot a^aysis using anti.p5'> 
^nbod-es (see EXAMPLE 3> or a monoclonal antibody against SF2/ASF fftom A. KrL) ' 
IW^d .bbit IgG (Amersham PharmacU Biotech, Piscataway. N.) was cross-linked to pro.e.n A 
scpharose beads and used as a negative control. 

--^f-i- assay, an EcoR 1-Ps. 1 f^g.ent released from p52 cDNA clone 
(PBS-P32. and a PCR fragment corresponding to p52 coding reg.on from Ps. 1 siL to the stop 
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codon were insened into U»c pcDNA3. 1/V5-HUB vector fconuin.ng a C-.erminal ,ag encoding U,c 
V5 epitope and a polyhistidinc mctal-binding peptide) linearized by EcoR I and Xba I to generate a 
tnamnuUian expression plasmid pcDNA3. l-pS2. Transient transfection of 293 cells was performed 
by ttsing the standard calcium phosphate method. Ni«:lear e«raa (NE> from either umransfected 
or transfeced 293 ceils was prepared as described in EXAMPLE 15. Overexpressed protein and 
associated proteins were isolated using a Ni*- agarose column. After incubation of NE with Ni** 
agarose resin, unbound materials were extensively washed with 0.3 M NaCI plus 20 mM 
imidazole, and the bound proteins were cluted with 0.5 M NaCl plus 1 M imidazole and detected 
by immunoblot analysis using a monoclonal antibody against V5 epitope or an anti-ASF/SF2 
monoclonal antibody. Approximately 10-20% of overexpresscd protein was recovered. 

Association of p52 wirh ASF/SF2 in vivo was first demonstrated by co- 
immunoprecipitation assays. Proteins in Ae HeLa cell nuclear extract were precipitated either wtd, 
anti-p52 antibody or with comrol IgG. The bound proteins were then monitored by immunoblot 
analyses. Because of their low abundance, in most cases p52. and p75, could not be directly 
detected in either HeLa or 293 cell nuclear extract. However, both p52 and p75 were greatly 
enriched in the partially purified PC4-containing fraction USA. Polyclonal antibodies against p52 
specifically precipiuted a protein with a relative molecular mass of 52 kDa together with a protein 
of 35 kDa. which was recognized by a monoclonal antibody againsi ASF/SF2 (A. Krainer). This 
result indicates that p52 is associated with ASF/SF2 in vivo. Since ASF/SF2 is much more 
abundant than p52. only -1-2% of endogenous ASF/SF2 is associated with pS2. I, is important to 
note that the polyclonal antibody generated from recombinant p52 also recogiuzcd the p75 protein 
by immunoblot but could not precipitate p75 in the native condition. The properties of p52 and p75 
appear lo be distinct, even though p75 shares most of p52 coding sequence (FIG. 4). 

Association of p52 with ASF/SF2 was also demonstrated using a transiem transfection 
assay described above. The recombinant p52 protein was delected by using a monoclonal antibody 
against the V3 epitope. ASF/SF2 was detected hy using the ami-ASF/SF2 monoclonal antibody. 
Transfected p52 was efficiently expressed ('90% efficiency determined by immunofluorescence 
study) in 293 cells, a human embryonic kidney cell line. Both ASF/SF2 and overexpresscd p52 
from transfected ceils bound to the nickel column but neither p52. nor ASF/SF2 from untransfected 
30 cells bound to the nickel column. Thtis p52 interacts with ASF/SF2 in vivo. 

EXAMPLE 15 
Preparation of Cell Extracts 

This example describes the generation of various extracts from HeLa and 293 cells. 
35 although the same methods can be used to generate cell extracts from other cell types (also see Ge 
and Manley. Ce« 62:25-34. 1991 and Lee ci al.. Cene. Anal. Tech. 5:22-31. 1988). Cells were 
harvested and homogenized with a douncc homogenizcr (Wheaion) on ice. This homogenized cell 
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extract wa. ccmrifuged for 10 minutes at 2000 rpm to separate nuclei (pellet/nuclear fraction) from 
the cytoplasmic organelles (c>TOplasinic fraction, or SlOO fraction). The nuclear fraction was 
ccntrifuged at 15K rpm for 20 minutes, generating a pellet antl supernatant. The pellet (nucljar 
fraction) contains mainly nuclei. This pellet was homogenized in 420 mM NaCl lo break open the 
5 m«:lei. releasing (he nucleoli. This homogenized extract was cenirifuged to remove insoluble 
materials. The resulting supemaiani fraction rfmal nuclear extract. NE) was saved and dialyzed 
against 42 mM ammonium sulfate. This NE can be used directly, or from this NE. transcription 
factors can be further purified. 

EXAMPLE 16 
Immunofluorescence 
This example describes the indirect immunofluorescence method used to identify the 
in vivo subcellular localization of endogenous p52 and ASF/SF2. Untransfected HeLa cells were 
grown on uncoatcd glass cover slips, washed with PBS (phosphate buffered saline) 3-4 times, fixed 
with 0.5% paraformadehyde in PBS for 20 minutes on ice. then followed by incubation with 
medianol for two minutes at room temperature. The fixed cells were rinsed Aree times with 3% 
BSA in PBS then incubated with primary antibody. The primary antibodies (diluted In PBS) were 
added to the cells at dilutions of: 1: 100 of anti-ASF/SF2 (monoclonal antibody culture supemaiani, 
A. Kraincr). 1 :2000 of anti-p52 (see EXAMPLE 3) and 1:200 of anti-La (from J. Steitz) then 
incubated for two hours at room temperanire. The cells were washed with PBS three times and 
incubated with secondary antibodies for visualization of the primary antibody. Goat anti-rabbit IgG 
conjugated with FITC (Pierce) was used to visualize p52. ami-mouse IgC conjugated with 
rhodamine was used to visualize ASF/SF2. and anti-human IgG conjugated with rhodamine for La 
antibodies for one hour at room temperature. After extensively washing with PBS. mounted slides 
25 were observed on a Zeiss LSM4I0 confocal laser scanning microscope. 

ASF/SF2 and p52 localized to speckle-like particles with a diffuse distribution 
throughout the nucleoplasm, consistent with the known distribution of splicing machinery (Zeng el 
al,£MBOJ. 16:1401-12, 1997). Most particles were double-stained with the antibodies against 
ASF/SF2 and p52. resulting in a yellow color. On the other hand. La antigen, a factor involved in 
RNA polymerase III transcription which also copurifies with PC4 (Ge and Roeder. Cell 78:513-23. 
1994). was localized in the nucleoplasm (see also Jimenez-Garcia and Spector, Ceil 73:47-59. 
1 993). but did not co-localize with p52. These observations, in combination with the results from 
co-immunoprecipiiation and transfeciion assays (see EXAMPLE 14). demonstrate that the majority 
of endogenous ASF/SF2 and p52 are associated with each other in the nucleus. 
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EXAMPLE 17 
Spl-Dependenl ut van Transcription Assay 
niis exaniplc descnbes the Sp-, depe^lem w.. .ranscripUon assay assay 
can a,so ^ ^ . .es, U« Sp-, .ependen. . .a„scnp.on ofpS^ ^or Jj^^^ 

«a.^M«..^.^^,2,,.57.7.. .^96>T^„A.TPnE/F/HandRNApo.y™el„ Z 

caned p.H,V.WT. Me.,e..s. e. a,.. C.«66.«,-93. ,99.). which con.al HrC-. 
10 se,.„ce .0. pos^on .OP .0 -S and ML .ni.a.o. region r.n, .7 .0 .9 .indeed .1. a 3^ 0- 

<0. e. 3... ^^^^ _ P 

^ oD.i /81 3. 1989) and coactivaiors as indicated. "P-labe,ed 
™ were pheno..K.o.oro™™. e^a„o,-p.cclp...d. a„.y.ed a 5. de.a.nn. 
po.yacry»a..dege.a«.visua,iz«,byauton.d.ography. l^e .,a.ve .ranscrip.on acciv.y was ^ 
detennu^d by densiton^e-o: (Molecular Dynamics. Sum^vale. CA). 

In an « v/.ro transcription system reconstituted with partially purified ami 

C.. 3 :.07.^. .,S7> and .ecom.nant 6HrK>p52 ,see EXAMPLE 4) n«..ed,y enl^l 
Spl-d^pettdent transcription on the HlV-, pro.oter-containtng template (pHlV-WT). but .ot the 

oteJT '7'^'"*°" " ^'''^'^'^ ^^'^ ^> ^^f- was 

ol^erved .n the presence of Spl <lane 2) or p52 Hane 3) a.one <see PIC. I2B for .uantificat.on) 

S-mtlany. addition of recombinant PC4 also si^iHcantly enhanced Spl-activa.ed transc^ I L 
SU. not non Spl-dependent transcHption danc 7). l„ ,,3 did not enhance Sp. a I ^ 

^~nnane6), A simi.ar effect was observed when GAU-Spl was used (P.G. 8B) These 
re., .nd^cate th. p52 .nc.ions as a coactivator .0 poten.iate activated transcription not on, y 
GAU-fused acr.vation domains but also by natura.ly purified cellular activators. 

EXAMPLE 18 

In vitro Splicing Assay 

This example describes two in vim splicins assavt Th»o^ , 

" spiicmg assays. These assays can also be used to 

P52 and^or p75 homologues and p52 and/or p75 mimetics on splicing. Capped "P-labeled pre- 
n,RNA substrate was prepared from linearized pSVi66 (see Geetai. C.// 66:373-82 . 99.) •n.is 
pre-mRNA substrate was purified on a 5% polyacry.amide/8 M urea gC. The v... splicing 
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reactions (25 nD were carried out ai 30°C for 2 hours in a medium con-dining 5 mM HEPES-Na 
(pH 7.9). 0.6% polyvinyl alcohol. 400 mM ATP. 20 mM creatine phosphate. 2 mM MgCU. 2 mM 
DTT. 20 fniolc.<; of *-p-labeled pre-mRNA and 10 nl of HeLa cell nuclear extract, or 7.5 nl of 
HeLa cell SlOO extract (see EXAMPLE 15). in the absence or presence of 1.5. 3.0 or 4.5 pmoles 
of recombinant p52. p75 or p75-c (amino terminus- truncated p75) (see EXAMPLES 4 and 8). 
Spliced products were extracted with RNArol (Tel-Test. Inc). analyzed on a 5% polyacrylamide-8 
M urea gel and visualized by autoradiography. 

To determine the effect of p52 or p75 on splicing of SV40 early prc-mRNA 
transcribed from plasmid pSVi66 (Ge and Manley. Cell 62:25-34.1990; also see HG. 13B). an in 
vitro splicing assay was used. Addition of recombinant p52 significantly enhanced the selection of 
Ihe proximal small i 5' splice site coupled with the reduced usage of the distal large T 5" splice site 
(FIG. 13A. lanes 2-4). However, both p75 (lanes 5-7) and p75-c (lanes 8-10) had no innuence on 
the splicing pattern or the splicing efficiency of same pre-mRNA. ASF/SF2 facilitaurs spliceosome 
assembly by promoting the binding of Ul snRNP to the 5* splice site (Eperon et al.. EMBO J. 
12:3607-17. 1993: Kohiz ct al.. Nature 368:1 19-24. 1994) and/or through direct binding to the 5" 
splice site itself (Zuo and Manley. Proc. Natl. Acad. Sci. USA 91:3363-7, 1994). The observation 
that p52 preferentially enhances the first step of small t splicing is consistent with the fact that p52 
affects pre-mRNA splicing by activating ASF/SF2. and subsequently mediates the early step of 
splicing. FIG. 13 clearly indicates that the p52-ASF/SF2 imeraction can influence the 5' splice site 
selection. Although p52 did not significantly affect splicing efficiency in this assay, this may be 
due to the limited amount of ASF/SF2 or other factors in the HeU cell nuclear extract. Note that 
spliced t mRNA decreases, while t iniron increases at a high concentration of p52 (FIG. 13A. lane 
4). An explanation for this phenomenon is that recombinant pS2 may be contaminated with trace 
amounts of RNase activity, which would favor degradation of linearized substrates, such as pic- 
25 mRNA and spliced mRNAs. rather than lariat introns. 

In addition to a role in alternative splicing. ASF/SF2 also functions as an essential 
splicing factor when added to an inactive HeLa cell SIOO extract (Kraincr ei al.. Genes Dev. 
4:1158-71. 1990:Krainereial.. Cc// 66:383-94. 1991; Ge et al.. Ce// 66:373-82. 1991). Totcsta 
direct functional relationship between p52 and ASF/SF2, both proteins were used in the SIOO 
assay. In this assay, rccombhumt ASF/SF2 is added to HeLa cell SIOO extract (see EXAMPLE 15} 
to activate splicing (FIG. 14). Addition of limited amounts of i^combinam ASF/SF2 (lanes 5 and 
6) or increasing amounts of recombinant p52 (lanes 2-4). or p75 (lanes 10-12). alone did not 
significantly activate splicing of SV40 early pre-mRNA in the presence of HeLa cell SIOO extract. 
However, addition of increasing amounts (indicated by the upward ramps) of p52 (lanes 7-9), but 
not p75 (lanes 13-15). in the presence of limiting ASF/SF2 results in a proportional activation of 
splicing of SV40 early pre-mRNA. Taken together, these results indicate that p52-ASF/SF2 
interaction is functionally important in vitro and in xivo, as it will facilitate the recniittneni of 
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ASF/SF2 to the active transcripiion site and increase the effective concentration of ASF/SF2 
available lo enhance splicing efficiency and/or splice site selecuon. 

EXAMPLE 19 

p52 and p7S Expression is Decreased in Breast Cancer Cdls 
Defects in proper pol II trdnscripiion has been implicated in carcinogenesis and the 
development of other diseases including xeroderma pigmentosum (for reviews see Komberg. TIBS 
21:325-6. 1996 and Reines et al., TJBS 21 -.35) -5, 1996). To investigate the possibility that"p52 
and/or p75 may play a role in the development of cancer, p52 and p75 expression was investigated 
in several ceil lines isolated from various carcinomas. The analysis described in this example can 
be used to analyze p52 and p75 expression levels in samples containing normal, neoplastic, 
tumorous, or cancerous (malignant) material. 

The RNA and protein levels of p52 and p75 were determined In several cancer cell 
lines: MDA-MB^8, MCF7 and MDA-MB-23) (breast adenocar.:inomas). HcLa, 293, and COS- 



RNA was isolated from the cells, and Northern analysis was conducicd as described in 
EXAMPLE 2. using the p52 probe shown in FIG. SC. The total RNA analyzed in each lane was 
monitored by ethidium bromide staining of 28S and IBS ribosomal RNAs. As shown in FIG. 15A. 
the level of pS2 RNA expression was dramatically decreased in all three bicasi cancer cell lines, 
relative to p52 RNA expression in other cancerous cell lines fHeLa. 293, and COS cells). The 
kvel of p75 RNA expression was also reduced in the breast cancer cells relative to the othcis, but 
to a lesser extent than p52. 

Extracts comaining cellular protein were prepared by lysine cells in SDS-PAGE 
loading buffer, such as: 50 raM TrisCl (pH 6.8j. 100 mM dithiothreitol. 2% SDS. 0.1% 
bromophenol blue, and 10% glycerol. The proteins were subjected to SDS-PAGE and Western 
analysis using the anti-p52 antibodies described in EXAMPLE 3. As shown in FIG 15B. the level 
of p52 protein in the three breast cancer cell lines is dramatically deci^ased relative to the level of 
P52 protein in cell lines from other origins. The amount of p75 protein expression was also 
reduced in the breast cancer cell line relative to the others, but to a lesser extent than p52. To 
control for total amount of protein loaded into each lane, the satne blot was probed with an anti- 
TBP antibody, CTBP is an essential transcription factor). 

Interestingly, the levels of both p52 and p75 RNA and protein expression correlate 
with the tumorigenicity. The cell hne MDA-MD-231 is the most tumorigenic, and has the lowest 
levels of p52 and p75 RNA and protein. These results strongly suggest that both p52 and p75 play 
a role in lumorigenesis. such as lumorigencsis in breast cancers, and other cancers that can be 
determined by using the methods in this example. 
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EXAMPLE 20 
Expression of |i52 and p75 cDNA Sequences 
With the provision of ihc human p52 and p75 cDNAs (SEQ ID NOs 3 and 1 , 
respeciively), ihe expression and purificaiion of the corresponding p52 or p75 proiein by siardard 
laboratory techniques is now enabled. The purified proiein may be used for functional analyses, 
antibody production, diagnosis, and patient therapy. Furthermore, ihe DNA sequence of the p52 
and p75 cDNAs can be manipulated in studies (o understand the expression of the gene and the 
mnciion of its product. Mutani forms of p52 or p75 may be isolated based upon information 
contained herein, and may be studied in order to detect alteration in expression panerns in terms of 
relative quantities, tissue specificity and functional properties of the encoded mutant p52 and/or p75 
proteins. Panial or full-length cDNA sequences, which encode for the subject protein, may be 
itgated into bacterial expression vectors. Methods for expressing large amounts of proiein from a 
cloned gene introduced into £. ccU may be utilized for the purification, localization and funciional 
analysis of proteins. For example, fusion proteins consisting of amino terminal peptides encoded 
15 by a portion of the E. coll lacZ or trpE gene liniced to p52 and p75 proteins may be used lo prepare 
polyclonal and monoclonal antibodies against these proteins. Thereafter, these antibodies may be 
used to purify proteins by immunoaffmity chromatography, in diagnostic assays to quaniitate the 
levels of protein and to localize proteins in tissues and individual cells by immunofiuorcsccnce. 

Intact native protein may Mso be produced in E. coU in large amounts for functional 
20 studies. Methods and plasmid vectors for producing fusion proteins and intact native proteins in 

bacteria are described in Sambrook et al. ( Molecular Cloning: A Lab oratory Manual Cold Spring 
Harbor, New York, 1989. chapter 17, herein incorporated by reference). Such ftjsion proteins may 
be made in large amounts, are easy to purify, and can be used to elicit antibody response. Native 
proteins can be produced in bacteria by placing a strong, regulated promoter and an efficient 
25 ribosome binding site upstream of the cloned gene. If low levels of protein are produced, 

additional steps may be taken lo increase protein production; if high levels of protein are produced, 
purification is relatively easy. Suitable methods are presented in Sambrook et al. ( Molecular 
Cloning: A Laboratory- ManuaL Cold Spring Harbor, New York. 1989) and are well known in the 
art. Often, proteins expressed at high levels are found m insoluble inclusion bodies. Methods for 
extracting proteins from these aggregates are described by Sambrook ei al. ( Molecular Cloning: A 
Laboratory ManuaL Cold Spring Harbor, New York, 1989, Chapter 17). 

Vector systems suitable for the expression of lacZ fiision genes include the pUR series 
of vectors (Ruiher and Muller-Hill, 1983. EMBO J 2:1791). pEXI-3 {Stanley and Luzio, 1984, 
EMBOJ. 3:1429; and pMRlOO (Gray et al., 1982, Proc. Natl. Acad. Sci. USA 79:6598). Vectors 
35 suitable for the production of intact native proteins include pKC30 (Shimaiake and Rosenberg. 

1981 , Naiure 292: 128), pKKI77>3 {Amann and Brosius, 1985, Gene 40: 183) and pET-3 (Siudiar 
and Moffau, 1986. J, MoL Biol 189:113). The p52 and/or p75 fusion proteins may be isolated 
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from proiein gels, lyophilizcd. ground into a powder and used as an aniigen. Tho DNA sequence 
can also be iransferred to oiher cloning vehicles, such as other plasmids. bacteriophages, cosmids 
animal viruses and yeast anificial chromosomes (YACs) <Burke ei al.. 1987. Science 236 806-12) 
These vectors may .hen be introduced into a variety of hosts including somatic cells, and simple or 
complex organisms, such as bacteria, fungi (Timberlake and Marshall. 1989. Science 244- 13 13-7) 
invenebrates. plants (Gasser and Fraley. 1989. Science 244: 1293). and mammals ^Pursel e. al 
1989. Science 244:1281-8). wh.ch cell or organisms are rendered transgenic by the imnxluction of 
the heterologous p52 or p75 cDNA. 

For expression in mammalian cells, the cDNA sequence may be ligatcd to 
heterologous promoters, such as the simian virus SV4p. promoter in the pSV2 vector (Mulligan and 
Berg. 1981. Proc. Nail. Acaa. Sci. USA 78:2072-6). and introduced imo cells, such as monkey 
COS-1 cells (Gluzman. 1981. Cell 23:175-82). to achieve transient or long-term expression The 
stable miegrauon of the chimeric gene construct may be maintained in mammalian cells by 
biochemical selection, such as neomycin fSouihem and Berg. 1982. /. MoL Appl. Cenei. 1:327^1), 
15 and mycophoenolic acid (Mulligan and Berg, 1981 . Proc. Natl. Acad. Sci. USA 78:2072-6). 

DNA sequences can be manipulated with standard procedures such as restriction 
enzyme digestion, fill-in with DNA polymerase, deletion by exonucieasc, extension by terminal 
deoxynucleodde transferase, ligation of synthetic or clomrd DNA sequences, site^irected sequence- 
alteration via single-s.randed bacteriophage intermediate or with the use of specific oligonucleotides 
20 in combination with PCR. 

The CDNA sequence (or ponions derived from it) or a mini gene (a cDNA with an 
imron and its own promoter) may be imroduced into eukaryotic expression vectors bv convemiotutl 
techniques. These vectors are designed to permit the transcription of the cDNA eukaryotic cells bv 
prov,dmg regulatory sequences that initiate and enhance the transcription of the cDNA and ensure' 
proper splicing and polyadenyiation. Vectors containing the promoter and enhancer regions of 
the SV40 or long terminal repeat (LTR) of the Rous Sarcoma virus and polyadenyiation and 
splicing signal from SV40 are readily available (Mulligan and Berg. 1981. Proc. NaU. Acad. Sci. 
USA 78:2072-6: Gorman et al.. J982. Proc. Natl. Acad. Sci USA 78:6777-81). The level oi 
expression of the cDNA can be manipulated with this type of vector, either by using promoters that 
have differem activities (for example, the baculovirus pAC373 can express cDNAs at high levels in 

S. frugiperda cells (Summers and Smith, 1985. Genetically Altered Viruses and the Pnvir. 

Fields ei al (Eds.) 22:319-328. Cold Spring Harbor Uboratory Press. Cold Spring Hart«r. New 
York.) or by using vectors thai contain promoters amenable to modulation, for example, the 
glucoconicoid-responsive promoter from the mouse mammary tumor virus (Lee et al.. 1982. 
Nature 294:228). The expression of the cDNA can be monitored in the recipient cells 24 to 72 
hours after introduction (transient expression). 
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In addition, some vectors contain selectable marlcers such as the gpi (Mulligan and 
Berg, 1981. Proc. Natl. Acad. Sci. USA 78:2072-6) or neo (Soiuhem and Berg. 1982. J. Mol. 
Appl. Genet. 1:327-41) bacterial genes. These seieciabte markers permit seleciion of iransfectcd 
cells that exhibit suble. long-term expression of the vectors (and therefore the cDNA). The vectors 
can be maintained in the cells as episomal. freely replicating entities by using regulatory elements 
of vimses such as papilloma (Sarver et al.. 1981 . Mot. CeU Biol. 1 :486) or Epstein-Barr (Sugden ei 
al., 1985. Mol. CeU Biol. 5:410). Alternatively, one can also produce cell lines that have 
integrated the vector into genomic DNA. Both of these types of cell lines produce the gene product 
on a continuous basis. One can also produce cell lines that have amplified the number of copies of 
the vector (and therefore of the cDNA as well) to create cell lines that can produce high levels of 
the gene product {Alt et al.. 1978. /. Biol. Oiem. 253: 1357). 

The n^sfcr of DNA into eukaryotic. in panicular human or other mammalian cells, 
is now a conventional technique. The vectors are introduced into the recipient cells as pure DNA 
(transfection) by. for example, precipitation with calcium phosphate (Graham and vander Eb.. 1973, 
15 Virology 52:466) or stronuum phosphate (Brash et al. , 1987, Mol. Cell Biol. 7:2013). 

electroporation (Neumann ei al.. 1982. EMBO J. 1:841). lipofection (Feigner et al.. 1987. Proc. 
Natl. Acad. Sci USA 84:7413). DEAE dexiran (McCuthan et al.. 1968. J. Natl. Cancer Inst. 
41:351). microinjection (Mueller et al., 1978. Cell 15:579). protoplast fusion (Schafner. 1980. 
Proc. Natl. Acad. Sci. USA 77:2163-7), or pellet guns (Klein et al.. 1987. Nature 327:70). 
Aiieraatively. the cDNA can be introduced by infection with virus vectors. Systems are developed 
that use. for example, retroviruses (Bernstein ei al., 1985. Cen. Engrg. 7:235). adenoviruses 
(Ahmad et al.. 1986. Virol. 57:267). or Herpes virxis (Spaete et al.. 1982. CeU 30:295). 

These eukaryotic expression systems can be used for studies of the p52 and p75 genes 
and muiam forms of these genes, the p52 and p75 proteins and mutant forms of these proteins. 
Such uses include, for example, the identiftcation of regulatory elements located in the 5' region of . 
the p52 and p75 genes on genomic clones that can be isolated from human genomic DNA libraries 
using die information contained in the present invention. The eukaryotic expression systems may 
also be used to study die function of the normal complete protein, specific ponions of the protein, 
or of naturally occurring or artificially produced mutant proteins. Naturally occurring mutant 
proteins tnay exist in a variety of cancers or diseases, while anificially produced mutant proteins 
can be designed by site directed muugenesis as described above. These hitter studies may probe 
the function of any desired amino acid residue in the protein by mutating the nucleotide coding for 
that amino acid. 

Using the above lechniques, the expression vectors comaining the p52 or p75 gene or 
cDNA sequence or fragments or variants or mutants thereof can be introduced into human celis. 
mammaiian cells from oth^r species or non-mammaiian cells as desired. The choice of cell is 
determined by the purpose of ihc treatment. For example, monkey COS cells fGluzman. 1981 . 
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N,H 3T3 „ „,^^, „ --V <CHO.. 

V r,! LTR, ^ ^^,y 

or P75 cDNA. h«,„di„g ,hc .„„„ ^, ,„ ^ „ " 

trom the promoter. 
" Techno, 

«^ fecund arc se.ec.e. a.e. g.owin, .a.fec.d c.Hs . 04.S <s.g„., s. Lou. 

T" ! ^"'^ amnicv 

Expr«sion of the p52 and/or p75 protein in eukaryo^ic cells cax. be used as a scarce of 
pro.e.ns .o .a.se anybodies. The p52 and p7S pro.el„s rr.y be ex.acted foHowing ..ease of U.e 
pro^e-n .„.o .he supema.an. as .escribed above, or. *c cDNA sequence .ay be incorpora.ed in.o a 
e.^0^o„c expression vc.or and expressed as a chinu:ric pro.ein wiU.. for example, p-globin. 
-5 Annbody co 3-„obin is .hereafter used .o purily d,e chimeric pro«.in. Corresponding protease 
cleavage si.es engineered be.ween ,he P-g.obin gene a™, .he cDNA are used .o separate ,he 
rwo polypeptide fragments from one anoUter after translation. One usef.1 expression vector for 
generatmg P-g,obin chimeric proteins is pSG5 .Stt^gcne. U Jolia. CA). This vector encodes 
rabbit P-globin. 

0 TTie present invention thus encompasses recombinant vectors which compnse all or 

par. of a. P52 or p75 ge«. or cDNA seque^^s. for expression in a suitable host. p52 or p75 
DNA ts operativelv Hnlced tn the vector to an expression control sequence in the recombinant DNA 
n.o,ecule so that the p52 or p75 polypeptide can be expressed. T.e expression control sequence 
may be selected fron, .he group consisting of sequences that control the expression of genes of 
^a^yoticorculcatyoctccellsandtheirvirusesandcombinationsthereof. Tlte expression comro, 
^nce may be specif.callv selected from the group consisting of the lac system, the trp ^stem 
.he tac system, the trc system, major operator and promoter reg.ons of phage lambda, .te contro 
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region of fd coai proiein. the early and late promoters of SV40, promoters derived from polyoma, 
adenovirus, reirovirus. baculovirus and simian virus, the promoter for 3-phosphoglyceraie kinase, 
ihe promoters of yeast acid phosphatase, the promoier of the yeast alpha-maiing factors and 
combinations thereof. 

The host cell, which may be iransfecied with the vector of this invention, may be 
selected from the group consisting of. E. coli. Pseudomonas. Bacillus subiilu. Bacillus 
stearothermophiius or other bacilli; other bacteria: yeast; fungi; plant; insect; mouse or other 
animal: or human tissue cells. 

It is appreciated that for mutant or variant p52 or p75 DNA sequences, similar 
systems are employed to express and produce the mutant or variant product. 

EXAMPLE 21 
Production of pS2 and p75 Antibodies 

Monoclonal or polyclonal antibodies may be produced to either the normal p52 or p75 
protetn. or mutan. forms of these proteins. Antibodies raised against the fuH-length p52 peptide 
(SEQ ID NO 4> arc likely to recognize both p52 and p75. because of the large number of idcmical 
ammo ac.ds between them. Antibodies which specif.cally recognize only p52 can be generated by 
usmg the C-terminal amino acid residues (SEQ ID NO 6) as an antigen, since these residues arc 
unique to p52. Antibodies which specifically recognize only p75 can be generated by using the C- 
lerminal amino acid residues (SEQ ID NO 14) as an amigen. which are unique to p75. Fragments 
of SEQ ID N014 can also be used to generate p75-spectfic antibodies. 

Optimally, antibodies raised against the p52 protein would specifically detect the pS2 
protein while antibodies raised against the p75 protein would specifically detect the p75 protein. 
Tha, is. such amibodies would recognize and bind the protein and would not substantially recognize 
or bmd to other proteins found in human cells. The determinauon that an antibody specifically 
detects the p52 or p75 protein is made by any one of a number of standard immunoassay methods- 
for insumce. the Western bloiUng technique (Sambrook et al.. 1989. Molecular Clonin.- a 
Laboratory Manual . Cold Spring Harbor Laboratory. Cold Spring Harbor. New York). To 
determine that a given antibody preparation (such as one produced in a mouse) specifically detects 
the p52 or p75 protein by Western blouing. toui cellular protein is extracted from human cells (for 
example, lymphocytes) and electtophoresed on a sodium dodecyl sulfate-polyacrylamide gel The 
proteins are then trar^ferrcd to a membrane (for example, nitrocellulose) by Western blotting and 
the anttbody preparation is incubated with the membrane. After washing dte membrane to remove 
non-specifically bound antibodies, the presence of specificaUy bound anubodies is detected by the 
use of an anti-mouse antibody conjugated to an enzyme such as alkaline phosphatase: application of 
the substrate 5-bromo-4-chloro-3-indoiyl phosphate/nitro biue tctrazoliom results in the production 
of a dense blue compound by immuno-localized alkaline phosphatase. Amibodies which 
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specifically d«ca .he p52 or p75 procein will. Hy .his .echnique, b. shown .o bind .o ,he p52 or 
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^3 pro., ban. .which will be .oc.l.d . a given poshlon o„ .he ge, de.enn.„.d hy i.s molecular 
we.sh.,. Non.spec.fic billing of 0. anUbody co o.,er pro.lns <such as scru. albumen) cnay occur 
and .ay be detectable as a weak signal on ^ Wester, hio:. The ™»-specific nature of this 
b-julu,, .n. be recognised by one s.iHed in the art by the wea. signal obtained on the Weste™ blot 
relauve ,o the strong pritnary signal ar.sing from the specific aiuibody-p52 or -p75 protein binding 
Substantially pure p52 or p75 protein suitable for use as an i„„„.„ogen is isolated as 
already described. Concentration of protein i„ the final preparation is adjusted, for example by 
concentratton on an Anticon filter device, to the level of a few nt.crogratos per n,i,li,i«r 
5 Monoclonal or polyclonal antibody to the protein can .hen be prepared. 

Monoclonal Antibody Production by Hybridoma Fusion 

SEO ID NOs 2 or .4) protein identified and isolated as described can be prepared from n,uHne 
h)brtdomas according to the classical tnethod of Kohier and Milstein ( 256:495 ,975) or 
derivative methods thereof. Briefly, a n^ouse .s repetitively inoot.ated with a few miclogratns of 
*e selected protein over a period of a few weelcs. Tlte mouse is then ^rificed. and the antibodv- 
pr^tttg cells Of the spleen isolated. The spleen cells are fused by means of polyethylene .lycol 
wtth mouse myeloma cells, and the excess unfUsed cells destroyed by growth of the system ^n 
se.ect.ve media comprising aminopterin (HAT media), "n^e success^lly fused cells are diluted and 
ahqucs Of the dilution placed in wells of a microtiter plate where growth of the culture is 
conunued. Antibody-producing Cones are identified by detection of antibody in the supernatant 
nu.d of the wens by immunoa^ay procedures, such as ELISA, as originally described bv Engva.l 
iEn^n,oL 70:4,.. ,9«0), and derivat.ve methods thereof. Selected positive clones can be 
expanded and their monoclonal antibody product harvested for use. Detailed procedures for 

mo^^clonal antibody production are descrtbed in Harlow and Lane (Antibodies: A,.. ^. 

MamiiL 1988. Cold Spring Harbor Laboratory. New York). 

PofycloHol Antibody Production by Immunization 

Polyclonal antiserum containing antibodies to heterogeneous epitopes of a single 
protem can be prepared by immunizing suitable animals with the expt«sed protein (for example 
2 EXAMPLES 4 and 20). which can be unmodified or modified to enhance immunogenicity 
Effecfve polyclonal antibody production .s affected by many factors related both u, the anUget. and 
^ host species. For example, small molecules tend to be less immunogenic than others and may 
re,u,„ the use of carriers and adjuvan. Also, host animals vary in respot^e to site of inoculations 
and dose, with both inadequate or excessive doses of anugen resulttng in low titer antisera Small 
doses tng level, of antigen administered at multiple intradermal sites appears to be most reliable 
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An effective immunization protocol for rabbits can be found in Vaiiukaiiis ei al. (J. Clin. 
Endocrinol, Meiab. 33:988-91, 1971). 

Booster injections can be given at regular intervals, and antiserum harvested when 
aniibody titer thereof, as deiermincd semi-quaniiiaiively, for example, by double immunodiffusion 
5 in agar against known concentrations of the anrigen. begins to fall. See, for example. Ouchterlony 
al. (In: Handbook of Expenmenial fmmunolo^ . Wier, D. (cd.). Chapter 19. Blackwell. 
1973). Plateau concentration of antibody is usually in the ran^e of 0. i to 0.2 mg/ml of serum 
(about 12 ^M). Affinity of the aniisera for the antigen is determined by preparing competitive 
binding curves, as described, for example, by Fisher ( Manual of Clinical Immunoiogv . Chapter 42. 
10 1980). 



Labeled Antibodies 

Antibodies of the present invention can be conjugated with various labels for iheir 
direct detection (see Chapter 9. Harlow and Lane, Antibodies: A Laboratory Manual . 1988). The 
label, which may include, buc is not limited to. a radiolabel, enzyme, fluorescent probe, or bioiin, 
is chosen based on the method of detection available to the user. 

Antibodies can be radiolabeled with iodine ('^I), which yields low-energy gamma and 
X-ray radiation. Briefly, 10 of protein in 25 ^\ of 0.5 M sodium phosphate (pH 7.50 is placed 
in a 1.5 ml conical tube. To this, 500 fiC of Na'^L and 25 ^1 of 2 mg/ml cbloramine T is added 
and incubated for 60 sec at room temperature. To stop the reaction. 50/xI of chloraminc T stop 
buffer is added {2.4 mg/ml sodium meiabisulfite, 10 mg/ml tyrosine, 10% glycerol, 0.1 % xylene 
cyanol in PBS). The iodinaied antibody is separated from the iodoiyrosine on a gel filtration 
column. Antibodies of the present invention can also be labeled with biotin, with enzymes such as 
alkaline phosphatase (AP> or horseradish peroxidase (HRP) or with fluorescent dyes. The method 
of producing diesc conjugates is determined by die reactive group on the label added. 



EXAMPLE 22 
Diagnostic Methods 
An embodiment of die present itivention is a method for screening a subject to 
50 determine if the .subject carries a mutant p52 or p75 gene, or has heterozygous or homozygous 
deletions of die p52 or p75 gene, or if the gene has been panially or completely deleted. One 
major application of the p52 and p75 sequence information presented herein is in Uie area of genetic 
testing for predisposition to breast cancer owing to p52 and/or p75 deletion or mutation. The gene 
sequence of the p52 and p75 genes, including intron-exon boundaries is also useful in such 
5 diagnostic methods. The mediod comprises die steps of: providing a biological sample obtained 
from the subject, in which sample includes DMA or RNA, and providing an assay for detecting in 
the biological sample the presence of a mutant p52 or p75 gene, a mutant p52 or p75 RNA, a 
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homozygously or heicrozygously deleted p52 or p75 gene, or ihe absence, through deletion, of the 
p52 or p75 gene and corresponding RNA. Suitable biological samples include samples obtained 
from body cells, such as ihose present in peripheral blood, urine, saliva, tissue biopsy, surgical 
specimen, fine needie aspirate specimen, amniocentesis samples and autopsy mausrial. The 
detection in the biological sample may be performed by a number of methodologies, as outlined 
betow. 

The foregoing assay may be assembled in ihe form of a diagnostic kit and. can 
comprise either: hybridizaiion with oligonucleotides; PCR amplification of the gene or a pan 
thereof usins oligonticleoiide primers: RT-PCR amplification of the RNA or a pan thereof using 
oligonucleotide primers: or direct sequencing of the p52 or p75 gene of the subject's genome using 
oligonucleocide primers. The efficiency of these molecular genetic methods should permit a rapid 
classification of patients affected by deletions or mutations of the p52 or p75 gene. 

One embodiment of such detection techniques is the polymerase chain reaction 
amplification of reverse transcribed RNA (RT-PCR> of RNA isolated from cells (for example 
lymphocytes) followed by direct DNA sequence determination of the products. TTte presence of 
one or more nucleotide differences between the obtained sequence and the cDNA sequences, and 
especially, differences in the ORF portion of the nucleotide sequence are taken as indicative of a 
potential p52 or p75 gene mutation. 

Alternatively. DNA exiraaed from lymphocytes or other cells may be used directly 
for amplification. The direct amplification from genomic DNA would be appropriate for analysis 
of the entire p52 or p75 gene including regulatory sequences located upsti«am and downstream 
from the open reading frame. Recent reviews of direct DNA diagnosis have been presented by 
Caskey (Science 236:12:3-1228. 1989, and by Landegren et b\ . (Science 242:229-37. 1989). 

Further studies of p52 or p75 genes isolated from subjects may reveal particular 
mutations, or deletions, which occur a. a high frequency within this population of individuals. In 
this case, rather dtan sequencing the emire p52 or p75 gene, it may be possible to design DNA 
diagnostic mediods to specifically detect the most common p52 or p75 mutations or deletions. 

The detection of specific DNA mutations may be achieved by methods such as 
hybndi2aiion using specific oligonucleotides (Wallace et al. . 1 986. Cold Spring Harbor Symp 
Quant. Biol. 51:257-61), direct DNA sequencing (Church and Gilbert. 1984. Proc. Nail. Acad. 
Set. USA. 81:1991-5). the use of restriction enzymes (Flavell et al.. 1978. CeU 15:25: Geever et 
al.. 1981, Proc. Nail. Acad. Set USA 78:5081), discrimination on the basis of electrophoretic 
mobilit>- in gels with denaturing reagent (Myers and Maniaiis. 1986. Cold Spring Harbor Symp. 
Quani. Biol. 51:275-284). RNase protection (Myers et al., 1985, Science 230:1242), chemical 
cleavage (Cotton et al.. 1985. Proc. Nail. Acad. Sci. USA 85:4397-401). and the ligase-mediated 
detection procedure (Landegren et al., 1988, Science 241:1077). 
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Oligonucieotkles specific lo normal or mutant sequences arc chemically synthesized 
using commercially available machines, labeled radioaciivcly with isotopes (such as ^P) or iion- 
radioaciivcly, with tags such as biotin (Ward and Langer ei al., 1981, Proc. NmL Acad. Sci. USA 
78:6633-57), and hybridized lo individual DNA samples immobilized on membranes or other solid 
suppons by doi-bloi or transfer from gels after electrophoresis. The presence of these specific 
sequences arc visualized by methods such as autoradiography or fluorometric (Landegren et al., 
1989, Science 242:229-37) or colorimetric reactions (Gebeyehu ei al., 1987, Nucleic Acids Res. 
15:4513-34). The absence of hybridization would indicate a muiaiion in the panicular region of the 
gene, or a deleted p52 or p75 gene. 

Sequence differences between normal and muiani forms of the p52 or p75 gene may 
also be revealed by the direct DNA sequencing method of Church and Gilben (Proc, Nail. Acad, 
Sci. USA 81:1991-5, 1988). Cloned DNA segments may be used as probes to detect specific DNA 
segments. The sensitivity of this method is greatly enhanced when combined with PCR Wrichnik 
et al., 1987, Nucleic Acids Res, 15:529-42; Wong et al., 1987, Nature 330:384-6; Sioflei ei al.. 
15 1988, Science 239:491-4). In this approach, a sequencing primer which lies within ihe amplified 
sequence is used with double -stranded PCR product or single-stranded template generated by a 
modified PCR. The sequence determination is performed by conventional procedures with 
radiolabeled nucieotides or by automatic sequencing procedures with fluorescent tags. 

Sequence aherations may occasionally generate fortuitous restriction enzyme 
20 recognition sites or tnay eiirainaie existing restriction sites. Changes in restriction sites arc 

revealed by the use of appropriate enzyiBe digestion followed by convcnuonaJ gel-blot hybridization 
fSouihcm, 1975, J. Mol. BioL 98:503). DNA fragments carrying the site (either normal or 
mutant » arc detected by their reduction in size or increase of corresponding restriction fragment 
numbers. Genomic DNA samples may also be amplified by PCR prior to treatment with the 
25 appropriate restriction enzyme; fragments of different sizes are then visualized under UV light in 
the presence of cthidium bromide after gel electrophoresis. 

Genetic testing based on DNA sequence differences may be achieved by detection of 
alteration in elecirophoretic mobility of DNA fragments in gels with or without denaturing reagent. 
Small sequence deletions and insertions can be visualized by high-resolution gel electrophoresis. 
30 For example, a PCR product with small deletions is clearly distinguishable from a normal sequence 
on an 8% non-denaturing polyacrylamide gel (WO 91/10734; Nagamine et al., 1989, Am, J, Hum. 
Genet. 45:337-9). DNA fragments of different sequence composhions may be distinguished on 
denaturing formamide gradient gels in which the mobilities of different DNA fragments are 
retarded in the gcJ at different positions according to their specific "partial-melting" temperatures 
35 (Myers et al., 1985, Science 230:1242). Altemaiivcly, a method of detecting a mutation 

comprising a single base substitution or other small change could be based on differential primer 
length in a PCR. For example, an invariant primer could be used in addition to a primer specific 
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for a ™u«Uon. The PGR produc.s of che nonna. ^ „u.an. genes en O^n be di«erc„Ual,v 
delected in aciylamide gels. "«"<"iy 

in addiucn lo convcmionaJ gel-eiectropho„«i. and b.oc-hybridizaiion methods DNA 
fragmems aiay a.so be visualized by meUiod. where .he individual DNA samples a.e no. " 
nn.obi.ized on membranes. Tl.e p.obe and carge. sequences may be bcb in solu.ion. o. die p.be 
«<pence may be im.obiUzed (Sailci e. al.. ,989. Prr^. ^ar Acaa. Sci. USA 86-623(M) A 
var..y Of de.ecc.on methods, such as au.oradiograpby involving radioisotopes, direct de.ec.ion of 
ra loacuve decay (i„ the presence o. absence of scintiUano. spec.ropho.o™e:iy involving 
calorigen-c reactions and fluorometry involved fluorogenic tactions, may be used to ideniily 
10 specific individual genotypes. ^ 

caoableof , """""" ''^''"'"''^ - '''^ or p75 ge^^ 

capable of de.ect.ng such multiple mutations would be desirable. For example, a PCR wi.h ' 
muUiple. specific oligonucleotide primes and hybridization probes may be used to identify a„ 
possible mutations at the same «me fChamberlain et a... 1988. Nuci. AcUis Res. 16:, 14..5S) tu. 
procedure may involve immobilized sequence-specific oligonucleotides probes fSaiIci e. al. " 1989 
Proc. Nai. Acad. ScL USA 86:6230-4). ^ 
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EXAMPLE 23 
Quantitation of p52 and p75 Proteins 



An al.ema.ive meUiod of diagnosing a p52 and/or p75 gene deletion or mu.a.ion is to 
„heleve.ofp5.and,orp.3proteins.thece„sofasubiect. This diagnostic .00. woul^ 
be useful for detec.ing educed levels of the p52 or p75 protein which resul, from, for e.amp.e 
mu.at.ns in the promoter regions of the p52 or p75 gene or mutations within the coding region of 
.he gene wh,ch produced truncate,. non-fti„c.ional polypeptides, as well as from deletions of die 
ernuc P32 or p75 gene. These diagnostic methods, in addition to dK»e described in EXAMPLE 

The determinauon of reduced p52 or p75 protein levels would be an alternative or 
supplemental approach to ttie direct determination of p52 or p75 gene deletion or mutation stanis by 
.he methods outlined above in EXAMPLE 22. The avaUabili.y of antibodies specific to .he p5-> or 
P75 ^tetn ffor example those described in EXAMPLES 3 and 2,) will facilitate the quantitation of 
cellular p5_ or p75 protein by one of a number of immunoassay methods which are well known in 
.he an and are presented in Harlow and Lane (Antibodies. A L.l,»»..„. Co,d Spring 

Harbor Laboracory, New York. 1988). 

Such assays pennic both the detection of p52 and p75 ptoteins in a biological sample 
.he su,,ect ,n which the sample contains cellular proteins, and provid.ng an immunoassay for 
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quamitacing the level of p52 or p75 protein ,n the biological sample. This can be achieved by 
combining the biological sample wUh a p52 and/or p75 specific binding agem. such as an anii.p52 
or ai,ti.p75 antibody (such as monoclonal or polyclonal antibodies), so that complexes form 
between the binding agent and ihe p52 and/or p75 proiein present in ihe sample, and then detecting 
5 or quamiiating such complexes. 

In panicular forms, these assays may be performed with the p52 and/or p75 specific 
binding agent immobilized on a support surface, such as in the wells of a microliter plate or on a 
column. The biological sample .s then i„,«Kh«ed onto the suppon surface and allowed to interact 
with the specific binding agent so as ,o form complexes. Excess biological sample is then removed 
10 by washme. and the complexes are detected with a reagent, such as a second ami- p52 or -p75 
protein antibody that is conjugated. with a detectable marker. 

In an alternative assay, the cellular proteins are isolated and subjected to SDS-PAGE 
followed by Western blotting, for example as described in EXAMPLE 19. After resolving the 
proteins, the proteins are transferred to a membrane, which is probed with specific binding agents 
that recognize p52 and/or p75. TT.e proteins are detected, for example with HRP-conjugated 
secondarj' antibodies, and quaiititated. 

In yet another assay, the level of p52 and p75 protein in cells is analyzed ustt« 
microscopy. Using specific binding agents which recogmze p52 and/or p75. samples can be 
analyzed for the presence of p52 and/or p75 proteins. For example, frozen biopsied tissue sections 
are thawed at room temperanire and fixed with acetone a, .200»C for 5 minutes. Slides are washed 
tw.ce in cold PBS for 5 minutes each, then air-<iried. Sections are covered with 20-30 ^1 of 
anribody solution (15^5 Mg/ml) (diluted in PBS, 2% BSA a, 15-50 Mg/ml> and incubated at room 
temperature in humidified chamber for 30 min. Slides are washed three times with cold PBS 5 
minutes each, allowed to air-dty briefly (5 minutes) before applying 20-30 ^1 of the second 
anubody solution (diluted in PBS. 2% BSA at 15-50 ^g/ml) and incubated a. room temperature in 
humidified chamber for 30 minutes. The label on the second antibody may contain a fiuot^scem 
probe, enzyme, radiolabel. biotin. or other detectable marker. The slides arc washed three times 
with cold PBS 5 minutes each then quickly dipped in distilled water, air-dried, and mounted whh 
PBS containing 30% glycerol. Slides can be stored at 4»C prior to viewing. 

For samples prepared for electron microscopy (versus light microscopy), the second 
anttbody is conjugated to gold particles. Tissue is fixed and embedded with epoxy plastics, then cut 
mto vety thin sections (-1-2 Mm). The specimen is then applied to a metal grid, which is then 
incubated tn the primary ami.p52 or ami-p75 antibotiy. washed in a buffer containing BSA. then 
mcubated in a secondary antibody conjugated to gold particles (usually 5-20 mn). These gold 
particles are visualized using electron microscopy methods. 

For the purposes of qtiamiiating the p52 and p75 proteins, a biological sample of the 
subject, which sample includes cellular proteins, is required. Such a biological sample may be 
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V "^""^ specimens can be obtained c 

5 obumed fron, peripheral bJood. urine, saliva tissue 

specimens, fine needle aspira.es or o,he T T ^•««««" "-nP'es, surgical 

im«u«,assay and compared to levels of ,H. ' "''^ ''^ 

-an cells .e. 1., L T::::;:::;r:^ — ^ 

10 origin tha, are «M„eoplasuc) a . ''^^ °' (ceils of the same 

.«« neopjasuc). A significant (for examnlp sn« 

P™.in ^ ,„ ^. ; °' ^T""'"'^ » "■»«" «"»^ P« 

K oiio/or expressing human cells or th-^f frui«H 
would be talcen as an indicatiot, that the subject n,ay have deleC 

gene locus. ^ '**'"'°"s '""""ons in the p52 or p75 

15 

EXAMPJLE24 
Two Step Assay to Detect the Presence of n<?2 « ^ 
RrMc. K ^™*™P^2orp75GeneinaSamDle 

=:rr.t:ro~T'"--— ^^^^^ 

room »^p=„,u„ mr, ™, ioeuteW wfth 0.2« casein i„ PBS ,« t " 

replaced with 50-75 Ml/cm- fre,h k k ^ " '*'"°^«' and 

"-'J Ml/cm fresh hybridization buffer nlus t s .u 

plus 2.5 nM of the covalemly cross-linked 
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oligonucleoiide sequence complemenuiry lo die universal primer siic <UP-AP, Bio-Rad). The blots 
are hybridized for 20-30 minutes ai 45-C. and posi bybridizaiion washes arc incubated at 45X as 
iwo 10 minute washes in 6 M urea, IX standard saline citrate (SSC). 0. 1 % SDS and one 10 minute 
wash in IXSSC, 0.1 % Triton^- 100. The blois are rinsed for 10 minutes at RT with IXSSC. 

Blots arc incubated for 10 minutes ai RT with shaking in the substrate buffer 
consisung of 0.1 M dieihanolamine. 1 mM MgCU, 0.02% sodium azide. pH lO.O. Individual blots 
are placed in heai scalable bags with subsu-ate buffer and 0.2 mM AMPPD {3-(2'- 
spiroadamantaiie)-4.meihoxy-4-(3'.phosphoryloxy)phcnyM.2-dioxetanc, disodium sail, Bio-Rad). 
After a 20 minute incubation at RT with shaking, excess AMPPD solution is removed and the bloi 
is exposed to X-ray film overnight. Positive bands indicate the presence of the p52 and/or p75 
gene. Patient samples which show no hybridizing bands lack the p52 and/or p75 gene, indicating 
the possibility of ongoing cancer, or an enhanced susceptibility to developing cancer in the future. 

EXAMPLE 25 
Geoe Therapy 

A new gene therapy approach for patients suffering from p52 or p75 gene deletions or 
mutations is now made possible by the present invention. Essentially, cells, such as breast cells 
may be removed from a patient having deletions or mutations of the p52 or p75 gene, and then 
transfecicd with an expression vector containing the p52 or p75 cDNA. These transfected cells will 
thereby produce functional p52 or p75 protein and can be reintroduced into the patiera. In addition 
to breast cells, colorectal, prostate, or other cells may be used, depending on the tissue of interest. 

Hie scientific and medical procedures required for human cell transfection are now 
routine procedures. The provision herein of p52 or p75 cDNAs now allows the development of 
human gene therapy based upon these procedures. Immunotherapy of melanoma patients using 
genetically engineered tumor-infiltrating lymphocytes (TILs) has been rcponed by Rosenberg et al. 
(A'. EngL y. Med. 323:570-8, 1990). In that study, a retrovirus vector was used to introduce a 
gene for neomycin resistance into TILs, A similar approach may be used to introduce the p52 or 
p75 cDNA into subjects affected by p52 or p75 deletions or mutations. 

In some embodiments, die present invemion relates to a method of treating tumors 
which underexpress p52 and/or p75. These methods may be accomplished by introducing a gene 
coding for p52 (or variant thereof) into the subject. A general strategy for transferring genes into 
donor cells is disclosed in U.S. Patent No. 5,529,774, which is incorporated by reference. 
Generally, a gene encoding a protein having therapeutically desired effects is cloned into a viral 
expression vector, and that vector is then introduced into the target organism. The virus infects the 
cells, and produces the protein sequence in vivo, where it has its desired therapeutic effect. See, 
for example, Zabncr et aL {Cell 75:207-16. 1993>. 
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In some of the foregoing examples, ii may only be necessary to introduce ihe genetic 
or protein elements into cenain cells or tissues. For example, in the case of benign nevi and 
psoriasis, introducing them into only the skin may be sufficient. However, in some instances (i.e. 
tumors and polycythemia inflammacory fibrosis), it may be more therapeutically effective and 
5 simple lo ireai all of rhe paiicnu cells, or more broadly disseminate the vector, for example by 
intravascular adminisiration. 

The nucleic acid sequence encoding at least one iherapeuiic agem is under ihe comrol 
of a suitable promoter. Suitable promoters which may be employed include, but are not limited to. 
the gene's native promoter, retroviral LTR promoter, or adenoviral promoters, such as the 
10 adenoviral major late promoter: the cytomegalovirus (CMV) promoter; the Rous Sarcoma Virus 
(RSV) promoter: inducible promoters, such as the ^4MTV promoter: the metallothionein promoter; 
heat shock promoters: the albumin promoter: the hisione promoter; the a-acitn promoter: TK 
promoters; B19 parvovirus promoters; and the ApoAl promoter. However the scope of ihe preseni 
invention is not limited to specific foreign genes or promoters. 

recombinant nucleic acid can be administered to the subject by any method which 
allows the recombinant nucleic acid to reach the appropriate cells. These methods include 
injection, infusion, deposition, implantation^ or topical administration. Injections can be 
intradermal or subcutaneous. The recombinant nucleic acid can be delivered as part of a viral 
veaor, such as avipox viruses, recombinant vaccinia vims, replication-deficient adenovirus strains 
20 or poliovinis, or as a non-infectious form such as naked DNA or liposome encapsulated DNA. 

EXAMPLE 26 
Viral Vectors for Gene Therapy 
Adenoviral vectors may include essentially the complete adenoviral genome (Shenk et 
25 al., Curr. Top. Microbiol. Immunol. 11 1:1-39, 1984). Alternatively, the adenoviral vector may be 
a modified adenoviral vector in which at least a portion of the adenoviral genome has been deleted. 
In one embodiment, the vector includes an adenoviral 5' ITR; an adenoviral 3' ITR; an adenoviral 
encapsidaiion signal; a DNA sequence encoding a therapeutic agent; and a promoter for expressing 
the DNA sequence encoding a therapeutic agem. The vector is free of at least the majority of 
30 adenoviral El and E3 DNA sequences, but is not necessarily free of all of the E2 and E4 DNA 
sequences, and DNA sequences encoding adenoviral proteins transcribed by the adenoviral major 
late promoter. In another embodiment, the vector may be an adeno-associaicd virus (AAV) such as 
described in U.S. Patent No. 4,797,368 (Carter ef al.) and in McLaughlin ei al. (J. Virol. 62:1963- 
73, 1988) and AAV type 4 (Chiorini et al. y. ViroL 71:6823-33, 1997) and AAV type 5 (Chiorini 
35 et al. 7. Virol. 73:1309-19, 1999) 

Such a vector may be constructed according to standard techniques, using a shuttle 
plasmid which contains, beginning at the 5* end, an adenoviral 5' ITR, an adenoviral encapsidaiion 
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signal, and an Rla enhancer sequence; a promoter (which may be an adenoviral promocer or a 
foreign promoter): a tripanite leader sequence, a raulnplc cloning sice (which may be as herein 
described); a poly A signal; and a DNA segmeni which corresponds lo a segment of the adenoviral 
genome. The DNA segment serves as a substrate for homologous recombination with a modified 
5 or mutated adenovirus, and may encompass, for example, a segment of the adenovirus 5' genome 
no longer than from base 3329 lo base 6246. The plasmid may also include a selectable marker 
and an origin of replication. The origin of replication may be a bacterial origin of replication. A 
desired DNA sequence encoding a therapeutic agent may be insened into the multiple cloning site 
of the piasmid. 

10 The plasmid may be used co produce an adenoviral vector by homologous 

recombination with a modified or mutated adenovirus in which at least the majority of the El and 
E3 adenoviral DNA sequences have been deleted. Homologous recombination may be effcaed 
through co-transfection of the plasmid vector and the modified adenovirus into a helper cell line, 
such as 293 cells, by CaPO, precipitation. The homologous recombination produces a recombinant 

15 adenoviral vector which includes DNA sequences derived from the shuttle plasmid between the Not 
I site and the homologous recombination fragment, and DNA derived from the El and E3 deleted 
adenovirus between the homologous recombination fragment and the 3' ITR. 

In one embodiment, the adenovirus may be constructed by using a yeast artificial 
chromosome (or YAC) coiuaining an adeiK>viral genome according to the method described in 

20 Ketner et al. {Proc. Natl. Acad, ScL USA, 91:6186-90, 1994), in conjunction with the teachings 
contained herein. In this embodiment, ihc adenovirus yeast anificial chromosome is produced by 
homologous recombination in vivo between adenoviral DNA and yeast anificial chromosome 
plasmid vectors carrying segments of the adenoviral left and right genomic termini. A DNA 
sequence encoding a therapeutic agent then may be cloned into the adenoviral DNA. The modified 

25 adenoviral genome then is excised from the adenovirus yeast artificial chromosome in order to be 
used to generate adenoviral vector panicles as hereinabove described. 

The adenoviral panicles are administered in an amount effective to produce a 
therapeutic effect in a subject. The exact dosage of adenoviral panicles to be administered is 
dependent tipon a variety of factors, including the age, weight, and sex of the subject to be treated, 

30 and the nature and extent of the disease or disorder to be treated. The adenoviral particles may be 
administered as part of a preparation having a titer of adenoviral panicles of at least 1x10^*^ 
pfu/ml, and in general not exceeding 2 x 10*' pfu/ml. The adenoviral panicles may be 
administered in combination with a pharmaceutically acceptable carrier in a volume up to 10 ml. 
The pharmaceutically acceptable carrier may be» for example, a liquid carrier such as a saline 

35 solution, protamine sulfate (Elkins-Sinn., Inc., Cherry Hill, NJ), Polybrene fSigma Chemical), 
agents described in the DEFINITION section above, or those agents described in EXAMPLE 33. 
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In another embodiment, ihe viral vector is a retroviral vector. Retroviruses have been 
considered for experiments in gene therapy because they have a high efficiency of infection and 
stable integration and expression (Orkinei aJ., 1988, Prog, Med, GeneLl: 130^2), The fiill length 
p52 or p75 gene or cDNA can be cloned into a reiroviral vector and driven from either its 
5 endogenous promoier or from the retroviral LTR Tlong terminal repeat). Examples of retroviral 
vectors which may be empioyed include, bui are not limited to, Moloney Murine Leukemia Virus, 
spleen necrosis virus, and vectors derived from retroviruses such as Rous Sarcoma Virus. Harvey 
Sarcoma Virus, avian leukosis virus, human immunodeficiency virus, myeloproliferative sarcoma 
virus, and mammar>' tumor virus. The vector is generally a replication defective retrovirus 
10 panicle. 

Retroviral vectors are useful as agents to effect reu-ovirai- mediated gene transfer into 
eukaryoiic cells. Retroviral vectors are generally constructed such that the majority of sequences 
coding for ihc structural genes of the virus are deleted and replaced by the gene(s) of interest. 
Most often, the structural genes ri.e.. gag, pol, and env), are removed from the retroviral backbone 
using genetic engmeering techniques known in the art. This may include digestion with the 
appropriate restriction endonuclease or. in some instances, with Bal 31 exonuclease to generate 
fragments containing appropriate ponions of the packaging signal. 

Other viral iransfection systems may also be utilized for this type of approach, 
including Vaccinia virus (Moss etal., 1987, Amiu. Rev. Immunol. 5:305-24), Bovine Papilloma 
virus (Rasmussen ct al., 1987, Methods EnzymoL 139:642-54) or members of the herpes virus 
group such as Epsrein-Barr virus (Margolskee et al., 1988» Mol. Cell. Biol 8:2837-47). Recent 
developments in gene therapy techniques include the use of RNA-DNA hybrid oligonucleotides, as 
described by Cole-Strauss, ct at. {Science 273: 1386-9, I996V This technique can allow for site- 
specific integration of cloned sequences, permitting accurately targeted gene replacement. 

New genes may be incorporated into proviral backbones in several general ways. In 
the most straightforward constructions, the stniciural genes of the retrovirus are replaced by a 
single gene which then is transcribed under the control of the viral regulatory sequences within ihc 
long terminal repeat (LTR). Retroviral vectors have also been constructed which can introduce 
more than one gene into target cells. Usually, in such vectors one gene is under the regulatory 
control of the viral LTR, while the second gene is expressed either off a spliced message or is 
under the regulation of its own, internal promoter. Alternatively, two genes may be expressed 
from a single promoter by the use of an internal Ribosome Entry Site. 

EXAMPLE 27 
CJoning of p52 and p75 Genomic DNA 
This example describes methods for cloning p52 and p75 genomic DNA from any 
species. Such methods are known to those skilled in the an, and arc described in Sambrook et al. 
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( Molecular Cloning: A Laboratory Manual . Cold Spring Harbor Laboratory Press, New York. 
1989. Herein incorporated by reference). Briefly. p52 and/or p75 cDNA (fiill length or fragments 
thereof, for example SEQ ID NO.^ 1 and 3) is radiolabeled with rediprimc II ( Amersham Pharmacia 
Biotech. Piscataway, Ni) as insiructed by the manufacturer. This radiolabeled cDNA is used lo 
5 screen a bacteriophage lambda gil 1 genomic library*. Genomic DNA of the resulting positive 
clones is isolated, purified and digested with appropriate restriction enzymes. Digested DNA is 
separated by agarose gel electrophoresis and blotted onto a nylon membrane. A Southem-Blot is 
performed using radioactive cDNA of p52 and/or p75 to identify tlie exons. Bands that hybridized 
with the cDNA are isolated from the gel and sequenced. The resulting DNA sequence is analyzed 
10 by specific computer programs to identify the promoter region and exon/intnm donor/acceptor 
sites. 

EXAMPLE 2S 
Sequence Variants of p52 and p75 

15 The nucleotide sequence of the p52 and p75 cDNAs (SEQ ID NOs 3 and 1. 

respectively) and the amino acid sequence of the p52 and p75 proteins (SEQ ID NOs 4 and 2 
respectively) which are encoded by the cDNAs, respectively, are shown in FIGS. 1-3. Having 
presented the nucleotide sequence of the pS2 and p75 cDNAs and the amino acid sequence of these 
proteins, this invention now also facilitates the creation of DNA molecules, and dtereby proteins. 

20 which are derived from those disclosed but which vary in the'u- precise nucleotide or amino acid 
sequence from those disclosed. Such variants may be obtained through a combination of standard 
molecular biology laboratory techniques and the nucleotide sequence information disclosed by this 
invention. 

Variant DNA molecules include those created by standard DNA mutagenesis 
25 techniques, for example, M13 primer mutagenesis. Details of these techniques are provided in 

Sambrook ci al. (In: Mojecular Cloning: A Laboratory Manual. Cold Spring Harbor, New York, 
1989, Ch. 15). By the use of such techniques, variants may be created which differ in minor ways 
from those disclosed. DNA molecules and nucleotide sequences which are derivatives of those 
specifically disclosed herein and which differ from those disclosed by the deletion^ addition or 
30 substitution of nucleotides while stiil encoding a protein which possesses the fimctional 

characteristics of the p52 and p75 proteins are comprehended by this invention. Also within the 
scope of this invention arc small DNA molecules which are derived from the disclosed DNA 
molecules. Such small DNA molecules include oligonucleotides suitable for use as hybridization 
probes or polymerase chain reaction (PGR) primers. As such, these small DNA molecules will 
35 comprise at least a segment of the p52 or p75 cDNA molecules or the p52 or p75 gene and, for the 
purposes of PCR, will comprise at least a 15 or a 20-50 nucleotide sequence of the p52 and p75 
cDNAs (SEQ ID NOs 3 and 1 respectively) or the p52 and p75 genes (i.e., at least 20-50 
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consecutive nucleotides of the p52 or p75 cDNA or gene sequences). DN A tnolecules and 
nucleotide sequences which are derived from the disclosed DNA molecules as described above may 
also be defined as DNA sequences which hybridize tmder stringem conditions to the DNA 
sequences disclosed, or fragments thereof. 

Hybridizaiion conditions resulting in particular degrees of stringency will vary 
depending upon the nature of the hybridization method of choice and the composition and length of 
«he hybridizing DNA used. Generally. Ac temperature of hybridization and the ionic strength 
(especially the Na* concentration) of the hybridization buffer will determine the stringency of 
hybridization. Calculations regarding hybridization conditions required for attaining panicular 
degrees of stringency are discussed by Sambrook et al. (In: Molecular Cloning: A Laboratory 
Maijuai, Cold Spring Harbor, New York. 1989 ch. 9 and 1 1>, herein incorporated by reference. 
By way of illustration only, a hybridization experiment nuy be performed by hybridization of a 
DNA molecule (for example, a deviation of the p52 or p75 cDNA) lo a target DNA molecule (for 
example, the p52 or p75 cDNA) which has been elcctrophoresed in an agarose gel and transferred 
to a nitrocellulose membrane by Southern bioiting (Southern, J. Mol. Biol. 98:503. 1975). a 
technique well known in the an and described in Sambrook ei a!. ( Molecular Cloning: A 
Laboratory Manual . Cold Spring Harbor. New York, 1989). Hybridization with a target probe 
labeled with [»PJ-dCTP is generally carried om in a solution of high ionic strength such as 6xSSC 
at a temperature that is 20-25'C below the melting temperature. T„. described below. For such 
Southern hybridization experiments where the target DNA molecule on the Southern blot contains 
,10 ng of DNA or mtwe, hybridization is typitally carried out for 6-8 hours using 1-2 ng/ml 
radiolabeled probe (of specific activity equal to 10' CPM/^g or greater). Following hybridization, 
the nitrocellulose filter is washed to remove background hybridization. The washing conditions 
should be as stringent as possible to remove background hybridization but to retain a specific 
hybridization signal. The term T„ represents the temperature above which, under the prevailing 
ionic conditions, the radiolabeled probe molecule will not hybridize to iu target DNA molecule. 
The T„ of such a hybrid molecule may be estimated from the following equation (Bolton and 
McCarthy. Proc. Natl. Acad. Sd. t/5>l 48: 1390. 1962): T„ = 81.5-C - 16.6(log,olNa-]) -f 
0.4I(%G+C) - 0.63(% formamide> - (600/1); where 1 = the length of the hybrid in base pairs. - 
This equation is valid for concemraiions of Na* in the range of 0.01 M to 0.4 M. and 
ii is less accurate for calculations of T„ in solutions of higher fNa*]. The equation is also primarily 
valid for DNAs whose G-i-C content is in the range of 30% to 75%, and it applies to hybrids 
greater than 100 nucleotides in length (the behavior of oligonucleotide probes is described in detail 
in Ch. 1 1 of Sambrook et al. (Molecular Cl oning: A Laboratory Manual . Cold Spring Harbor. 
New Y'ork. 1989). 

Thus, by way of example, for a 250 base pair DNA probe derived from the open 
reading frame of the p52 or p75 cDNA (with a hypotheucai %GC = 45%), a calculation of 
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hybridizaiion condiitons required to give particular scringencies may be made as follows: For this 
example, xt is assumed thai the filter will be washed in 0.3 xSSC solution following hybridization, 
thereby: |Na"] - 0.045M: %GC 45%; Formamide concemraiion = 0; I = JSObase pairs: 
T«=81.5 - l6.6(log,o[Na"l) + (0.41 x 45) - (600/150); and so Tm = 74.4*C. 
5 The T„ of double-stranded DNA decreases by 1-L5''C with every 1 % decrease in 

homology (Bonner ei al., J. Mol. Biol. 81:123, 1973). Therefore, for this given example, 
washing the filter in 0.3 xSSC ai 59.4-64, 4'C will produce a stringency of hybridization equivalent 
to 90%; thai is, DNA molecules with more than 10% sequence variation relative to the targe; DLC- 
I cDNA will no\ hybridize. Alternatively, washing the hybridized filter in 0.3 xSSC at a 
10 temperature of 65.4-68.4*C will yieid a hybridization stringency of 94%; that is, DNA molecules 
with more than 6% sequence variation relative to the target p52 or p75 cDNA molecule will noi 
hybridize. The above example is given entirely by way of theoretical illustration. One skilled in 
the art will appreciate that other hybridization techniques may be utilized and that variations in 
experimental conditions will necessitate alternative calculatioa*; for stringency. 
15 in panicular embodiments of the presem invention, stringent conditions may be 

defined as those under which DNA molecules with more than 25%, 15%, 10%, 6% or 2% 
sequence variation (also termed "mismatch") will not hybridize. 

The degeneracy of the genetic code further widens the scope of the present invention 
as it enables major variations in the nucleotide sequence of a DNA molecule while maintaining the 
20 amino acid sequence of the encoded protein. For example, the thirteenth amino acid residue of the 
p52 protein is alanine. This is encoded in the p52 cDNA by the nucleotide. codon triplet GCC. 
Because of the degeneracy of the genetic code, three oi'ner nucleotide codon triplets, GCT, GCG 
and OCA, also code for alanine. Thus, the nucleotide sequence of the p52 cDNA could be changed 
at this position to any of these three codons without affecting the amino acid composition of the 
25 encoded protein or the characteristics of the protein. Based upon the degeneracy of the genetic 
code, variant DNA molecules may be derived from the cDNA molecules disclosed herein using 
standard DNA mutagenesis techniques as described above, or by synthesis of DNA sequences. 
DNA sequences which do not hybridize under stringent conditions to the cDNA sequences disclosed 
by virtue of sequence variation based on the degeneracy of the genetic code are herein also 
30 comprehended by this invention. 

The invention also includes DNA sequences thai are substantially identical to any of 
the DNA sequences disclosed herein, where substantially ideiuical means a sequence that has 
identical nucleotides in at least 75%, 80%, 85%, 90%, 95% or 98% of the aligned sequences. 

One skilled in the art will recognize that the DNA mutagenesis techniques described 
35 above may be used not only to produce variant DNA molecules, bur will also facilitate the 

production of proteins which differ in cenain suiictural aspects from the p52 or p75 proteins, yet 
which proieins are clearly derivative of diis protein and which maintain the essential characteristics 
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of (he p52 or p75 proiein. Newly derived proteins may also be selected in order to obtain 
variations on the characteristic of the p52 or p75 protein, as will be more fully described below. 
Such derivatives include those with variations in amino acid scqt^nce including minor deletions, 
additions and substiiuiions. 
5 While the site for introducing an amino acid sequence variauon is predetermined, the 

mutation per se need no, be predetermined. For example, in order to optimize the performance of 
a mutation at a given site, random mutagenesis may be conducted at the target codon or region and 
the expressed protein variants screened for the optimal combination of desired activity. Techniques 
for making substitution mutations at predetermined sites in DNA having a known sequence as 
10 described above arc well known. 

Amino acid subsiimtions are typically of single residues: insertions usually will be on 
the order of about from I to 10 amino acid residues; and deletions will range about from 1 to 30 
residues. Delei.ons or insenions can be made in adjacent pairs, i.e.. a deletion of 2 residues or 
insertion of 2 residues. Substitutions, deletions, insenions or any combination thereof may be 
15 combined to arrive ai a final construct. Obviously, the mutations that are made in the DNA 

encoding the protein must not place the sequence out of reading frame and for example will not 
create complementary regions that could produce secondary mRNA structure. 

Substitutional variants are those in which at least one residue in the amino acid 
sequence has been removed and a different residue inserted in its place. Such substitutions 
20 generally are matte conservatively, as defined above. 

Substantial changes in function or immunological idenuty arc made by selecting 
substitutions that are less conservative than those defined above, i.e.. selecting residues that differ 
more significantly in their effect on maintaining (a) .he structure of the polypeptide backbone in the 
area of the substitution, for example, as a sheet or helical conformation, (b) the charge or 
25 hydrophobicity of the molecule at the urge, site, or ,c) the bulk of the side chain. The substhmions 
which in general are expected to produce the greatest changes in protein propcn.es will be those in 
which (a) a hydrophilic residue, e.g.. seryl or threonyl, is substituad for (or by) a hydrophobic 
residue, e.g.. Icucyl, isoleucyl. phenylalanyl. valyl or aianyl; (b) a cysteine or proline is substituted 
for (or by) any other residue; (c) a residue having an electropositive side cham. e.g.. lysyl. arginyl. 
or histadyl. is substituted for (or by) an electronegative residue, e.g.. glutamyl or aspanyl; or (d) a 
residue having a bulky side chain, e.g.. phenylalanine, is substituted for (or by) one not having a 
side chain, e.g., glycine. 

The effects of these amino acid substitutions or deletions or additions may be assessed 
for derivatives of the p52 or p75 proiein fay assays in which DNA molecules encoding the 
derivative proteins are iransfcctcd into p52 or p75 cells using routine procedures. These p52 and 
p75 would be expressed recombinanUy (for example see EXAMPLE 4). purified, and analyzed for 



BNSDCX;ID <wo 



002«>7BA1. I > 



wo 00/29578 



- 51 - 



PCTAJS99/26792 



ihcir abiluy to enhance transcription (as conjured to normal p52 and p7S) and splicing, as 
described in EXAMPLES 5-7, 10. 14. 17, 18. 

EXAMPLE 29 

5 Cloning p52 and p75 in Other Species 

Having presented ihe nucieoiide sequences of ihe human p52 and p75 cDNAs (SEQ 
ID NOs 3 and I . respeciively) and the amino acid sequence of ihe encoded proieins (SEQ ID NOs 
4 and 2. respectively), this invention now also facilitates the identification of DNA molecules, and 
thereby proteins, which arc the p52 and p75 homologs in other species. These other homologs car* 
10 be derived from those sequences disclosed, but which vary in their precise nucleotide or amino acid 
sequence from those disclosed. Such variants may be obtained through a combination of standard 
molecular biology laboratory techniques and the nucleotide and amino acid sequence information 
disclosed by this invention. 

15 EXAMPLE 30 

Peptide Modifications 
The present invention includes biologically active molecules that mimic the action 
(mimettcs) of the p52 and p75 proteins of the present invention. The invention therefore includes 
synthetic embodiments of naturally-occurring peptides described herein, as well as analogues (non- 
20 peptide organic molecules}, derivatives (chemically functionalized peptide molecules obtained 
staning with the disclosed peptide sequences) and variants (homologs) of these peptides thai 
specifically inhibit the conversion assay reacrion. Each peptide ligand of the invention is comprised 
of a sequence of amino acids, which may be either L- and/or D- amino acids, naturally occurring 
and otherwise. 

25 Peptides may be modified by a variety of chemical techniques to produce derivatives 

having essentially the same activity as the unmodified peptides, and optionally having other 
desirable properties. For example, carboxylic acid groups of the peptide, whether carboxyi- 
terminal or side chain, ntay be provided in the form of a salt of a pharmaceutically-accepcablc 
cation or esterified to form a CI-Ci6 ester, or converted to an amide of formula NR1R2 wherein 

30 Rl and R2 are each independently H or CI -CI 6 alky I, or combined lo form a heterocyclic ring, 
such as a 5- or 6- membered ring. Amino groups of the peptide, whether amino-ierminal or side 
chain, may be in the form of a pharmaceuiically-acccptable acid addition sail, such as the HCl, 
HBr. acetic, benzoic, toluene sulfonic, maleic, tartaric and other organic salts, or may be modified 
to CI -C 16 alky I or dialkyl amino or further converted to an amide. 

35 Hydroxy 1 groups of the peptide side chain may be convened to CI-C1.6 alkoxy or to a 

CI -CI 6 ester using well -recognized techniques. Phenyl and phenolic rings of the peptide side chain 
may be substituted with one or more halogen atoms, such as fluorine, chlorine, bromine or iodine. 
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or with CI -CI 6 alky I. CI -CI 6 alkoxy, carboxylic acids and esters thereof, or amides of such 
carboxyJic acids. Methylene groups of ihc peptide sidcchains can be extended to homologous C2. 
C4 alkylencs. Thiols can be protected with any one of a number of welJ-recognized proiecung 
groups, such as acetamide groups. Those skilled in the art will also recognize methods for 
introducing cyclic strucaires into the peptides of this inveniion lo select and provide conformational 
constraints lo the snuciure that result in enhanced stability. For example, a carboxyl- terminal or 
amino-ierminal cysteine residue can be added to the peptide, so that when oxidized tJie peptide will 
contain a disulfide bond, thereby generating a cyclic peptide. Other peptide cyclizing methods 
include the formation of ihiocthers and carboxyl- and amino-ierminal amides and esiers. 

In order to maintain an optimally functional peptide, panicular peptide variants will 
differ by only a small number of amino acids from the peptides disclosed in this specification. 
Such variams may have deletions ffor example of 1-3 or more amino acid residues), insertions (for 
example of 1-3 or more residues), or substitutions that do not interfere with the desired activity of 
the peptides. Substitutional variants are those in which at least one residue in the amino acid 
sequence has been removed and a different residue inserted in its place, in particular embodiments, 
such variants will have amino acid substitutions of single residues, for example I, 3, 5 or even 10 
substitutions in the full length p52 or p75 protein. 

Pepiidomimetic and organomimeiic cmbodimenis are also within the scope of the 
present invention, whereby die three-dimensional arrangement of the chemical constituents of such 
2^^ pepiido- and organomimciics mimic the three-dimensional arrangement of ihe peptide backbone and 
component amino acid sidechains in the peptide, resulting in such pcptido- and organomimetics of 
the peptides of this inveniion having substantial ability to enhance transcription and splicing 
actjvit> , For computer modeling applications, a pharmacophore is an idealized, three-dimensional 
definition of the structural requirements for biological activity. Peptido- and organomimeiics can 
he designed to fit each pharmacophore with current computer modeling software (using computer 
assisted drug design or CADD). See Walters, "Computer- Assisted Modeling of Drugs in 
Klegerman & Groves, eds., 1993. Pharmaceutical Biotechnology, Interpharm Press; Buffalo 
Grove. IL, pp. 165-174 and Principles of Pharmacology (ed. Munson. 1995), chapter 102 for a 
description of techniques used in CADD. Also included within the scope of the invention are 
30 mimciics prepared using such techniques that produce either peptides or conventional organic 
pharmaceuiicals that retain the biological activity of the p52 and/or p75 proteins. 

EXAMPLE 31 
Method for Generatiog Mimetics 
Compounds or other molecules which mimic normal p52 or p75 fiinction, such as 
compounds which enhance transcription and splicing, can be identified and/or designed. These 



25 



BNSD(X:iL' <WO 



wo 00/29578 




PCT/US99/26792 



compounds or molecules are known as mimetics, because ihey mimic ihe bioiogical aciivity of Ihe 
normal protein. 

Crystaliogrtsphy 

5 To identify the amino acids thai inieraci between ihe iranscripiion factors and p52 or 

p75, p52 or p75 is co-crysiailized in the presence of ihc transcription factor. In addition, the 
similar experiments can be conducted lo analyze the interaction of p52 and p75 with splicing 
factors. One method that can be used is the hanging drop method. In this method, a concentrated 
salt, transcription factor and p52 or p75 protein solution is applied to die underside of a Hd of a 

10 muitiwell dish. A range of concentrations may need to be tested. The lid is placed onto the dish, 
such diat the droplet "hangs" from die lid. As the solvent evaporates, a protein crystal is formed, 
which can be visualized with a microscope. This crystallized siruciurc is then subjected to X-ray 
diffraction or NMR analysis which allows for the identification of the amino acid residues thai are 
in contact with one another. The amino acids that contact the transcription factors establish a 

15 pharmacophore diat can then be used to identify drugs thai interact at thai same site. 

identification of drugs 

Once these amino acids have been identified, one can screen synihcttc drug databases 
(which can be licensed from several different drug companies), to identify drugs that interact with 
20 the same amino acids of p52 or p75 that die transcription or splicing factors interaa widi. 

Moreover, structure activity relationships and computer assisted drug design can be performed as 
described in Remington, The Science and Practice of Pharmacy . Chapter 28. 

Designing synthetic peptides 

25 In addition, syndietic peptides can be designed from the sequence of die transcription 

or splicing factor dial interacts with p52 or p75. Several different peptides could be generated from 
diis region. This could be done with or without the crystalography data. However, once 
crystalography data is available, peptides can also be designed that bind better dian p52 or p75. 

The chimeric peptides may be expressed recombinantiy, for example in E. colL The 

30 advantage of the synthetic peptides over the mAbs is that they are smaller, and therefore diffuse 

easier, and are noi as likely to be immunogenic. Standard mutagenesis of such peptides can also be 
performed to identify variant peptides having even greater enhancement of transcription and 
splicing. 

After synthetic drugs or peptides that bind to transcription and/or splicing factors have 
35 been idenitficd, their ability to enhance transcription and splicing, can be tested as described in the 
above EXAM PLES 5-7 , 1 0, 14 , 1 7, 1 8. Those dial are positive would be good candidates for cancer 
therapies wherein the cancer cells undcrexpress p52 and/or p75. 
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EXAMPLE 32 
Peptide Synthesis and Puriflcation 

The peptides provided by the prcsem invention can be chemically synthesized by any 
of a number of manual or automated methods of synthesis known in the art. For example, solid 
phase peptide synihesis (SPPS) is carried out on a 0.25 miJlimole (mmole) scale using an Applied 
Biosysiems Model 43 1 A Peptide Synthesiser and using 9-fluorenyimerhyloxycarbonyl (Fmoc) 
amino-ierminus protection, coupling with dicyclohexylcarbodiimide/ hydroxybenzoiriazole or 2- 
(IH-benzO'triazoM.yl)-!, l,3,3^tetramcthyluronium hexafluorophosphate/ hydroxybenzoiriazole 
(HBTU/HOBT), and using p-hydroxymeihyiphenoxymethylpolysiyrene (HMP) or Sasrin resin for 
carboxyl-terminus acids or Rink amide resin for carboxyl-ierminus amides. 

Fmoc-derivaii2cd amino acids are prepared from the appropriate precursor amino 
acids by triiylaiion and triphenyl methanol in trifiuoroaceiic acid, followed by Fmoc deriviiization as 
described by Alhenon ei aL r Soiid Phase Peptide Synthesis . IRL Press: Oxford, 1989). 

Sasrin resin-bound peptides are cleaved using a solution of 1% TFA in 
dichloromethanc lo yield ihc protected peptide. Where approprtaic. protected peptide precursors 
arc cyclized between the amino- and carboxy I -termini by reaction of the amino^terminal frc^: amine 
and carboxyl-ienninal free acid using diphcnylphosphorylazide in nascent peptides wherein the 
amino acid sidechains are protected. 

HMP or Rink amide resin-bound products are routinely cleaved and protected 
sidechain-coniaining cyclized peptides deproiecied using a solution comprised of trifluoroacetic acid 
(TFA), optionally also comprising water, thioanisole, and ethancdtihiol, in ratios of 100 : 5 : 5 : 
2.5, for 0.5 - 3 hours at room temperature. 

Crude peptides arc purified by preparaiivc high pressure liquid chromatography 
(HPLC), for example using a Waters Deiu-Pak Ci8 column and gradient elution with 0. 1 % TFA 
in water modified with acetonitrilc . After column elution, acetoniiriie is evaporated from the eluied 
fractions, which are then lyophilized. The identity of each product so produced and purified may 
be confirmed by fast atom bombardment mass spectroscopy (FABMS) or elecu-ospray mass 
spectroscopy (ESMS). 

EXAMPLE 33 

Pharmaceutical Compositions and Modes of Administration 

Various delivery systems for administering the combined therapy of the present 
invemion are known, and include e.g., encapsulation in liposomes, micropanicles, microcapsules, 
expression by recombinant cells, receptor-mediated endocyiosis (see Wu and Wu, /. Biol. Chem. 
1987 , 262:4429-32), and construction of a therapeutic nucleic acid as part of a retroviral or other 
vector. Mediods of imroduction include, but are not limited to, imradcrmal. imramuscular. 
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imrapchionca!, intravenous, subcuianeous. intranasal, and oral rouics. The compounds may be 
administered by any convenient route, for example by infiision or bolus injection, by absoqsiion 
through epithelial or mucocutaneous Immgs (e.g.. oral mucosa, rectal and iniesiinal mucosa, etc.) 
and may be administered together with other biologically active agents. Administration can be 
5 systemic or local. In addition, the pharmaceutical compositions may be imroduced into the central 
nervous system by any suitable route, incitiding intraventricular and inirathecal injection; 
inuaventricular injection may be facilitaied by an intraventricular catheter, for example, attached to 
a reservoir, such as an Ommaya reservoir. 

In one embodimem, it may be desirable to adminisier the pharmaceutical compositions 

10 of the invention locally to the area in need of treatment, for example, by local tnfijsion during 

surgery', topical application, e.g., in conjunction with a wound dressing after surgery, by injection, 
through a catheter, by a suppository or an implant, such as a porous, non-porous, or gelatinous 
material, including membranes, such as silastic membranes, or fibers. In one embodiment, 
administration can be by direct injection at the site (or former site) of a malignant tumor or 

15 neoplastic or pre-neoplasiic tissue. 

The use of liposomes as a delivery vehicle is one delivery method of interest. The 
liposomes fuse with the target site and deliver the contents of the lumen imracellularly. The 
liposomes are maiiuained in contact with the target cells for a sufficient time for fusion to occur, 
using various means to maintain contact, such as isolation and binding agents. Liposomes may be 

20 prepared with purified proteins or peptides that mediate fusion of membranes, such as Sendai virus 
or influenza virus. The lipids may be any useful combination of known liposome forming lipids, 
including caiionic lipids, such as phosphatidylcholine. Other potential lipids include neutral lipids, 
such as cholesterol, phosphatidyl serine, phosphatidyl glycerol, and the like. For preparing the 
iaposomes, the procedure described by JCato et al. {J. BioL Chem. 1991, 266:3361) may he used. 

25 The present invention also provides pharmaceutical coropositior^ which include a 

therapeutically effective amouiu of the p52 and/or p75 proteins, RNA or DNAs. alone or with a 
)[^iarmaceutially acceptable carrier. 

Delivery systems 

30 Such carriers include, but arc not limited to, saline, buffered saline, dextrose, water, 

glycerol, eihanol. and combinations thereof. The carrier and composition can be sterile, and the 
forroulation suiis the mode of administration. The composition can also contain minor amounts of 
wetting or emulsifying agents, or pH buffering agents. The composition can be a liquid solution, 
suspension, emulsion, tablet, pill, capsule, sustained release formulation, or powder. The 

35 composition can be formulated as a suppository, with traditional binders and carriers such as 

triglycerides. Oral formulations can include standard carriers such as pharmaceutical grades of 
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maanhol. lactose, s.arch. magnesium stearatc. sodium saccharine, cellulose, and magnesium 
carbonate. 

m a panicular embodiment, the composition is formulated in accordance wiA routine 
procedures as a pharmaceutical composition adapted for intravenous administrauon to human 
bemgs. Typicaliy. compositions for intravenous administration are sohitions in sterile isotonic 
aqueous buffer. Where necessary, the composition may also include a solubilizing agcm and a 
local anesthetic such as lidocaine to ease pain a. the site of the injection. Genetally. the innrcdients 
are supplied either separately or mixed together in unit dosage form, for example, as a dry 
lyophili«d powder or water free concentrate in a hermetically sealed container such as an ampoule 
-ndtcaUng the quantity of active agem. Where *e composition is to be administered bv infusion it ' 
can be d«pensed with an infusion bottle containing sterile pharmaceutical grade water or saline. 

The compositions can be formulated as neutral or sail forms. Pharmaceuiically 
acceptable salts include those formed wid, free amino groups such as those derived from 
hydrochloric, phosphoric, acetic, oxalic, tartaric acids, etc.. and d,ose forced with ft^e carboxyl 
groups such as those derived from sodium, potasstum. ammonium, calcium, ferric hydroxides 
.sopropylamine. tricthylamine. 2.e,hylamino ethanol. histidine. and procaine. The amount of the 
active agem that will be effective in the treatmem of a particular disorder or condition will depend 
on the nature of the disorder or condition, and can be determined by standard clinical techniques In 
addmon. ,„ n,ro assays may optionally be employed to help identify optimal dosage ranges ami in 
wvo dosages can be those sufficiem to achieve tissue concentrations at a site of acdon which are at 
•cast as great as d««e determined in .ino. Tlte precise dose to be employed in Ute formulation will 
also depend on the route of adminisuration. and the seriousness of the disease or disorder and 
Should be decided according ,o the judgmen, of the pr^titioner and each patienfs circumstances. 
Effective doses may be extrapolated from dose-response curves derived from /„ .i,rc or animal 
25 mode] test systems. 

The invemion also provides a pharmaceutical pack or ki, comprising one or more 
contamers f.lled wid, one or more of the ingredients of the phannaceutical compositions 
Opttonally associated with such container(s) can be a notice in the form prescribed by a 
governmental agency regulating the manufacture, use or sale of pharmaceuticals or biological 
producu. Which notice reflects approval by the agency of manufacture, use or sale for human 
administration. 

The pharmaceutical compositions or methods of treatment may be administered in 
combination with other dierapeutic treamtents. such as other antineoplastic or antitumongenic 
therapies. 
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Admitiisiration of Nucleic Acid Molecules ' 

in an embodiment in which a p52 and/or p75 nucleic acid is employed for gene 
therapy, the analog is delivered iniracellularly (e.g., by expression from a nucleic acid vector or by 
reccpior-mediaicd mechanisms). Id an embodiment where the therapeutic molecule is a nucleic 
5 acid, administration may be achieved by an appropriate nucleic acid expression vector which is 
administered so thai it becomes iniraccUular, e.g., by use of a retroviral vector (see U.S. Patent 
No. 4,980,286), or by direci injection, or by use of micropanicle bombardment (e.g.. a gene gun; 
Biolistic. Duponi), or coating with lipids or cell-surface receptors or u-ansfeciing agents* or by 
adminisienng ii m linkage to a homeobox-like peptide which is Icnown to enter the nucleus (see 
10 e.g.. Jolioi ei ar., Proc. NaiL Acad. Set. USA 1991, 88: 1864-8), etc. Alieraaiively, the nucleic 
acid can be imroduccd intraccllularly and incorporated within host cell DNA for expression, by 
homologous recombination. 

The vector pCDNA. is an example of a method of introducing the foreign cDNA into 
a cell under the control of a su-ong viral promoter (CMV) to drive the expression. However, other 
15 vectors can be used (see EXAMPLE 26). Other retroviral vectors (such as pRETRO-ON, 

Clontech), also use this promoter but have the advantages of entering cells without any iransfection 
aid, integrating into the genome of target cells ONLY when the target cell is dividing (as cancer 
cells do, especially during first remissions after chemotherapy) and they are regulated. It is also 
possible to turn on the expression of the p52 and/or p75 nucleic acids by administering tetracycline 
20 when these plasmids are used. Hence these plasmids can be allowed to iransfect the cells, then 
administer a course of tetracycline with a course of chemotherapy to achieve better cytotoxicity. 

Other plasmid vectors, such as pMAM-neo <also from Clontech) or pMSG 
(Pharmacia) use the MMTV-LTR promoter (which can be regulated with steroids) or the SVIO late 
promoter (pSVL, Pharmacia) or metalloihionein - responsive promoter {pBPV, Pharmacia) and 
25 other viral vectors, including retroviruses. Examples of other viral vectors include adenovini.5, 

AAV (adeno-associatcd virus), recombinant HSV. poxviruses (vaccinia) and recombinant lentivirus 
(such as HIV). All these vectors achieve the basic goal of delivering into the target cell the cDNA 
sequence and control elements needed for transcription. The present invention includes all fortns of 
nucleic acid deliver)', including synthetic oltgos, naked DNA, plasmid and viral, integrated into the 
30 genome or not. 



Administration of Antibodies 

In an embodiment where the therapeutic molecule is an antibody, specifically an 
antibody that recognizes both p52 and p75 or thai recognizes p52 or p75 proteins, adminisu-aiion 
may be achieved by direct injection, or by use of microparticlc bombardment (e.g.. a gene gun; 
Biolisiic, Dupont), or coaring with itpuSs or cell-surface receptors or transfeciing agents. Similar 
methods can be used to administer p52 and p75 proteins, of fragments thereof. 
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The present invcnrion also provides pbarmaceuiical compositions which include a 
therapeutically effective amouni of the antibody, and a phannaceuiicaily acceptable carrier or 
excipiem. 



^ EXAMPLE 34 

Transgenic Plants and Animals 

The creation of transgenic plants and animals which express p52 and/or p75 can be 
made by techniques known in the an. for example those disclosed in U.S. Patent Nos 5 574 206- 
5.723,719; 5.175.383; 5.824,838; 5.811.633; 5.620.881; and 5.767.337. which a« incoTK,«ted' 
10 by referents. 

Animals which do noc express p52 or p75 in iheir cells can be prepared to further 
invesugate the role of p52 an p75 on transcription, splicing and tumorigenesis. Methods for 
generating transgenic mice are described in Gene Tar Retinp. A.L. Joyuner ed.. Oxford University 
Press, 1995 and Watson. J. D. et al., Recombinant DNA 2ncf ph w.H. Freeman and Co.. New 
York. 1992, Chapter 14. To generate transgenic mice containing a ftinctional deletion of the p52 
and/or p75 gene, genomic fragments can be used as shon arm and long arm. Between long arm 
and shon arm. the neo gene is introduced, generating a the knock-out vector. 

Using standard transgenic mouse technology, the knock-out vector can be used to 
generate p52 and/or p75 knock-out mice by homologous recombination. The knock^jui vector is 
introduced into embryonic stem cells (ES cells) by standard methods which may include 
transfection. retroviral infection or electroporation (also see EXAMPLE 20). The transfected ES 
cells expressing the knock-out vector will grow in medium containing the antibiotic G418. The 
neomycin resistant ES cells will be microinjected into mouse embryos (blastocysts), which arc 
implanted into the uterus of pseudopregnant mice. The litter will be screened for chimeric mice by 
observmg their coat color and by screening for the presence of the tnmsgene by PCR on tail 
snippets. Chimeric mice arc ones in which the injected ES cells developed into the germ line, 
thereby allowing transmission of the gene to their offspring. The resulting heteix^zygoiic mice are 
interbred to generate a homozygous fine of transgenic mice ftinctionally deleted for p52 and/or p75. 
These homozygous mice will then be screened phenotypically. for example, their predisposition to 
30 developing diseases such as cancer. 

Alternatively, ihe method of Kim et al. {Namre, 383:542-6. 1996) can be used. 
Briefly, a targeting vector is constructed by replacing a fragment containing p52 or p75 exons with 
the neo-resistance casseue in the vector pPNT. The herpes simplex virus thymidine kinase (HSV- 
TK) gene is insened downstream of the long arm. The linearized targeting vector is transfected 
into embryonic stem cell lines E14 and CJ-7. G418 and gancyclovir-resistani clones are screened 
for homologous recombination by PCR and Western blotting. Correctly targeted ES clones are 
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obtained (see above for screening meihod) and injected into C5BL/6 blastocysts. Heterozygous 
offspring of ihc germline-transmiiiing chimeras are interbred to obtain homozygous mice. 

EXAMPLE 35 

5 DT40 Kaock-oul Celk 

This example provides a method that can be used to determine the function of p52 
and/or p75 in vivo, by functionally deleting p52 and/or p75 in DT40 cells. 

Briefly, using the method described by Wang ei al. (Gene, Devei. 10:2588-99. 1996). 
after cloning the chicken p52 and p75 genomic DNAs using ihe methods described in EXAMPLE 
10 27, bacterial hygromycin or neomycin-resistance genes, each driven by the chicken p-aciin 

promoter, are inserted into one of the p52 or p75 exons. Plasmids are constructed using standard 
subcloning procedures generating the constructs Neo-p52, Neo-75, Hygro-p52 and Hygro-p75. The 
Hygro-consu-ucis are iransfecied into the chicken B-cell line DT-40. 

DT40 cells are maintained in RPMI 1640 medium supplemented with 10% fetal 
15 bovine serum and I % chicken serura at 37 ^^C ai 5% CO.. For each iransfectton. approximately 10^ 
cells are suspended in 0.5 ml PBS containing 30 /ig linearized plasmid and electroporated with a 
Gene Pulser apparatus ^BioRad) at 550 V and 25 /aF. Following electroporaiion, cells are 
incubated in fresh medium lacking drugs for 24 hours. Cells are then resuspended in fresh medium 
containing 1.5 mg/ml hygromycin (Calbiochem). After 7-10 days, hygromycin>resistani colonies 
20 will be observed and isolated. Positive clones are screened for homologous recombination by 

Southern blotting, for example using a radiol^eled p52 or p75 probe, such as those shown in FIG. 
5. 

If the DT40 cells can survive with only one allele of p52 and/or p75, a second round 
of gene targeting will be used to disrupt the second p52 and/or p75 allele. To accomplish this, one 

25 of the heterozygous clones isolated above will be transfecied with Neo-p52 and/or Neo-p75. and 
selected in medium containing both hygromycin and G418 (2 mg/ml, Gibco, BRL, Rockvilie, 
MD). Resulting clones that are resistant to both G418 and hygromycin will be screened by 
Southern blot as described above, to determine if homologous recombination occurred. If 
homologous recombination is iwt observed, this indicates that p52 and/or p75 is an essemial gene in 

30 DT40 cells. 

The resulting recombinant DT40 cells can be used to further investigate the role of 
p52 and p75 on transcription and splicing, using the methods provided in EXAMPLES 5-7. 10, 14, 
17, and 18. In addition, the p52 and/or p75-knock-out DT40 cells can be used lo study the effect 
of p52 and/or p75 on cell growth and the expression of other genes. 

35 

Having illustrated aiuJ described the principles of isolating the hitman p52 or p75 
cDNA and its protein and modes of use of these biological molecules, it should be apparent to one 
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skilled in the an ihai the invcmion can Sp m^ir ^ 

api^iicu, H snould be recognized ihar the illustr-if/^H ^^t, ^ 
preferred exaniDies of ,h.i "^"^ '"'"'""d embodiments are onlv 
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I claim: 

1 . A purified polypeptide comprising SEQ ID NO 5, 

2. TDe polypeptide of claim I. wherein ihe polypeptide con^rises SEQ ID NO 2 

3. The polypeptide of claim 1, wherein the sequence comprises SEQ ID NO 4. 
4 A purified polypeptide consisting cssemiaJJy of SEQ ID NO 2. 

5. A purified polypeptide consisting essentially of SEQ ID NO 4. 

6. A purified polypeptide consisting of SEQ ID NO 2. 

7. A purified polypeptide consisting of SEQ ID NO 4. 

8. A purmedpojypcptide having an acnvuy of P52 or p75.a«d Which includes an 
lu ammo acid sequence shown in SEQ ID NOs 2 or 4 . 

9. A purified polypeptide having an acxiviry of p52 or P75. and Which inciudes an 
ammo acid sequence shown in SEQ ID NO 8. 

10. A purified polypeptide having an activity of p52. and which includes an ami™> 
acid sequence shown in SEQ ID NO 8. 

^5 n. '^P^nfi^d polypeptide that acts as a general coacUvatcr of transcription in an /« 

ruro transcripuon assay. 3.d specifically interacts with ASF/SF2 to elevate proximal sma„ 1 5' 
sp^.«sue selection of SV^Oearlypre-nU^N^ 
cell SlOO cxiraci and ASF/SF2. 

12. A purified polypepUde according to claim of 1 1, wherein the polypeptide can 
-0 enhance transcription of transcripUonal activators contaitting an acidic activation domain 

13. A punfied polypeptide according to claim of n. wherein the polypeptide can 
cohancc transcription of transcriptional acuvators containing a proline-rich activation domain 

•4. A punfied polypeptide according to claim of 11. wherein the polypeptide can 
enhance transcription of tr.scriptional activators co„tait,i„g a glutamine-rich activation domain 

15. A punfied polypeptide according to claim . 1, whetein the polypeptide further 
associates with ASF/SF2 in vivo. . y '"™»cr 

16^ n,e purified polypeptide of claim U. wherein the polypeptide itK:,udes an amino 
acid sequence of SEQ ID NO 6. 

17. -n,e purified polypeptide of claim 16. wherem the polypeptide includes an amino 
30 acid sequence of SEQ ID NO 5. 

acid se r '"'''^'"^ ^'^'^ - 

acid sequence of SEQ ID NO 4. 

an .n. J' cotranscripcional activator activity, and comprising 

an ammo actd sequence selected from the group consisting of: 

a. the amino acid sequence shown in SEQ ID NO 2: 
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b. 



10 



15 



amino acid sequences ihat differ from those specified in (a) by one or more 
conservanvc amino acid subsn.uuons. but which rcu.in the cotranscrip.ional activator activity of the 
amino acid sequence encoded by SEQ ID NO 2: and 

c. amino acid sequences having at least 75% sequence identity to the sequences 
specified in (a) or (h), im which retain the cotranscripiionat activator activity of the amino acid 
sequence encoded by SEQ ID NO 2; 

d. the amino acid sequence shown in SEQ ID NO 4; 

e. amino acid sequences that differ from dut specified in (a) by one or more 
conservative amino acid substitutions, but which retain the co.ranscriptional activator activity or 
ASF/SF2-mediated pre-mRNA splicmg activity of the amino acid sequence shown in SEQ ID NO 
4; and 

r. amino acid sequences having at least 75% sequence identity lo the sequences 
specified in (d) or (e), bu, which reuin the cotranscripiional activator activity of the amino acid 
sequence of SEQ ID NO 4. 

20. An isolated polynucleotide encoding a protein according to claim 19 or a 
polynucleotide capable of hybridizing to SEQ ID NO 1 or SEQ ID NO 3 under stringent condiuons. 
and which encodes a protein that retains the cotranscripiional activator aaivity of p52 or p75. 

21- A purified polypeptide havmg cotranscriptional activator activity andwhi-h 
enhances ASF/SF2-mediated pre-mRNA splicing activity, the poiypepdde comprising an ammo 
acid sequence selected from the group consisting of: 

a. the amino acid sequence shown in SEQ ID NO 4; 

b. amino acid sequences that differ from diai specified in (a) by one or more 
consenative amino acid substitutions, but which retain the cotranscriptional activator activity or 
ASF/SF2-media,ed pre-mRNA splicing activity of the amino acid sequence shown in SEQ ID NO 

25 4; and 

c. amino acid sequences having at least 75% sequence identity to the sequences 
specified in (a) or (b). but which retain the cotranscriptional activator activity of the amino acid 
sequence of SEQ ID NO 4. 

22. An isolated polynucleotide encoding a protein according to claim 2 1 or an 
isolated polymicleotide capable of hybridizing to SEQ ID NO 3 under stringent conditions, and 
which encodes a protein having p32 biological activity. 

23 A purified polypeptide having cotranscriptional activator activity, and comprising 
an amino acid sequence selected from the group consisting of: 

a. the amino acid sequence shown in SEQ ID NO 2; 

^ dial differ from diosc specified in (a) by one or more 

conser^anve ammo acid substitutions, bu. which retain the cotranscriptional activator activi^- of the 
ammo acid sequence shown in SEQ ID NO 2; and 
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c. amino acid sequences having at least 75% sequence idemiiy ,o the sequences 
sequence shown m SEQ ID NO 2. 

P-yn^l^M. ^ » .EQ ID NO , ™a„ ^ ^ 

Of ASF/SR.™^,^ p„.^«^ Of ..^ 

encoded by SEQ ID NO 3. 

25. Ax, antibody .ha, specificalJy binds .o the polypeptide in SEQ JD NO 2 or 4 

26. An antibody that spccificaJly binds to the polypeptide in SEQ ID NO 4 

27. An antibody that specifically binds to the polypeptide in SEQ ID NO 6 

28. A method to enhance transcription in a mammalian cell by exposing that cell to an 
amottn. of the polypeptide defined in claim .9 sufTtcient to enhance .raxucription 

.mount Of the''? T " ^ "^'^'^ ^^^^^^ «" »° - 

.mount Of the polypeptide defined in claim 21 sufficient to enhtutcc transcription. 

30. A a«thod to enhance transcription i„ vitro by adding an amount of the 
polypeptide defined in claim 19 sufficient to enhance transcriptiot*. 

31. A method to enhance transcripeion in vUro by adding an amount of the 
polypeptide defined in claim 21 sufficient to enhance transcription. 

32. A method to enhance ASF/SF2-medtaif>Hr.r,.-,DM A i- • 

hv ^n,,^, u nieaated pre-mRNA splicing in a mammalian cell 

by comacung diat cell with the polypeptide defined in claim 21 . 

33. A method to treat a disease caused by defects in transcription by the 
admmistration of a therapeutic amount of d»e polypeptide defined in claim 19. 

34. A method to treat a disease caused by defects in transcription by the 
admmistration of a therapeutic amount of the polypeptide defined in claim 23. 

35. A method to treat a disease caused by defects in ASF/SF2-media.ed pre-mRNA 
3phcm, ay the administration of a therapeuUc amotmt polypeptide defined in claim 21 

chdm 19 J! r ' '^'^''^ °^ ^'^'^ - 

Claim 19. and a pharmaceutically acceptable carrier. 

Claim ■>X and? h"" ' '"'"'""'^ ^'^^'^ ^^""^ 

Claim 21. and a pharmaceutically acceptable carrier. 

Claim -^3 J' r ' ""^""^ "^"^ ^^'^^^"^ - 

Claim _3. and a phariTUiceuticaJIy acceptable carrier. 

related ''h ^ " " "'^"^ ' " ^ susceptibility to a disease 

related to an under-expre^sion of the polypeptide of claim 19 comprising: 

a mutation in a nudeic acid sequence encoding said polypeptide i^ 
sample derived from a subject. yi«=P«oe m a 
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44. 
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'"^^ ^P"^«°f diagnosing in a subject a disease or a susccpubimyio a disease 
related ,o an undcr-expression of the polypeptide of claim 21 comprising: 

identifying a mu.aiion in a nucleic acid sequence encoding said polypeptide i. a 
sample derived from a patient. 

41. An isolated polynucleotide comprising the sequence shown in SEQ ID NO 6 

42. A purified polypeptide comprising the sequence shown in SEQ ID NO 5 

43 . A recombinant nucleic acid molecule comprising a p,x,mo.er sequence operably 
linked to a nucleic acid sequence according to claim 20. 

44. A recombinant nucleic acid molecule comprising a promoter sequence opetably 
linked to a nucleic acid sequence according to claim 22. 

«. A cell transformed with a rccombinam nucleic acid molecule according ,o claim 

46. A cell transformed with a recombinant nucleic acid molecule according ,o claim 

47. A transgenic animal comprising a recombinam nucleic acid molecule according to 

48. A recombinant nucleic acid molecule comprising a promoter sequence operably 
linked to a nucleic acid sequence according to claim 44. 

49. A cell transformed with a recombinant nucleic acid molecule according ,o claim 

50. A transgenic animal comprising a recombinam nucleic acid molecule according to 

51. A recombinam nucleic acid molecule comprising a promoter sequence operably 
linked to a nucleic acid sequence according to claim 20. 

52. A cell transformed with a recombinant nucleic acid molecule according to claim 

53. A transgenic animal comprising a recombinam nucleic acid molecule according to 

54. An oligonucleotide comprising a sequem^e selected from the group consisting of: 

a. at least 20 comiguous nucleotides of the sequences shown in SEQ ID NO 9; 

b. at least 30 comiguous nucleotides of the sequences shown in SEQ ID NO 9; 

c. at least 50 contiguous nucleotides of the sequences shown in SEQ ID NO 9; 

d. at least 8 contiguous nucleotides of the sequences shown in SEQ ID NO 10; 

e. at least 7 contiguous nucleotides of the sequences shown in SEQ ID NO 10: 

f. at least 6 conuguous nucleotides of the sequences shown in SEQ ID NO 10. 
55. An isolated nucleic acid molecule that: 



20 48. 

claim 44. 



51. 



claim St. 
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a, hybridizes with a niicleir 

encodes a pro.ein having p52 or p75 protein biologicaJ activity 
56. An isolated nucleic acid molecule that- 

b. encodes a protein having p52 protein biological activity 

56. An antibody d.. specifically binds to d,e polypeptide in SEQ ID NO ,4 

57. in. .ethod of Caitn 33. 34. or 35 wherein the disease is a can«r 

58. The n^thod of 57 wherein the cancer i. an adenocarcinon. of the bt^ast 

«ia^ eo ab^rn.? ™ "r:7 ^ '-T' ^ ^ ™- ^ ^ 

''Press.onofthepolypcpt.deofclaim , or claim 1 9 comprising 

reUtedtoan2erl~rr^^^ 

expression of the polypeptide of claim 1 comprising- 

^^^^ ''-•i--,the,evelof.epo,ypeptideorc^in, 1 a sample deHved front the 

ciaint 1 or cl^' 20 b^.!' ^ '^"^ ^ '"'^'^^ '-'^^^ of 

POlynucleotidr ' ^''^ """""^"'^ ^'^^"'^ ~ »^ ^ Polypeptide product or the 

«. ^''-^odofclaims^whereinthedise.seisabreastadenocarcinoma 

'^'•ofcla.mai whercinU^diseaseisabre.^ 

65. A cell wberetn p52 is fimtionally deleted. 

66. A cell wherein p75 is ftmtionaJly deleted. 

67. A cell Wherein both p52 and p75 are fumionally deleted 

68. The cell of claim 65. wherein the cell is a DT40 cell 

69. The cell of claim 66. wherein the cell is a DT40 cell 

70. The cell of claim 67, wherein the cell is a DT40 cell 
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FIG. 1 




iAAGTTGAATCAAAARCytAlaa? 



TTTAG 



TGAAAA^AQAH^ AAAGGTGGna; :^:; "" V;"^"^ 



rCGAAAACGCAAG _ 

CTO^GCMHATCC^S^S^rrF^^ 

agatcttgatacagaS^^gSJJS^JS^S^J^JJ??^*^ 
gttcagattctaaattgaggaotS™??^??™^^^ 
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FIG. 2 

GACCCCCGGTCTCGCCCCCGAAA CATCSACTCGCGATTTCAAACCTGGAG AgrTraTr'T 

TCGCCAAGATGAAAGG TTATCCCCATTGGCCAGCTCGAGTAGACGAAG TTCCrnATr^ 

AGCTGTAAAGCCACCC ACAAACAAACTACCCATTTTCTrrrrrG GAACTCATGarrap'r 

GCTTTTTTAGGACCAAA G GATATATTTCCTTACTCAG AAAATAAGG AAAAGTATnrir a 

AACCAAATAAAAGAAA AGGTTTTAATGAAGGTTTATGGGAGATAG ATAACAATCnAaa 

AGTGAAATTTTCAAG TCAACAGGCAGCAACTAAACAATCAAATGCATgA TrTrraTriTT' 

GAAGTTGAAGAAAAG GAAACTAGTGTTTCAAAGGAAGATACCGACCA TQAAC;a^^I^ 

CCAGCAATGAGGATGTGA CTAAAGCAGTTGACATAACT ACTCCAAAAG CTGCCAnAAr; 

GGGGAGAAAGAGAAAGG CAGAAAAACAAGTAGAAACTGAGGAGGC AGGAGTAGTnarA 

ACAGCAACAGCATCTGTTA ATCTAAAAGTGAGTCCTAAAAGAGGACGA grT(=ywy^- 

CAGAAGTCAAGATTCCA A AACCAAGAGGCAGACCCAA AATGGTAAAAC AGCCC'TnTrr 

TTCAGAGAGTGACAT C ATTACTGAAGAGGACAAAAGTAAQA AAAAGGG GnAAn&ry^ria 

AAACAACCTAAAAAGC AGCCTAAGA^GGATGAAGAGGGCCAGAAG GAAGAAGATAAry 

CAAGAAAAGAGCCGGAT AAAAAAGAGGGGAAGAAAGAAGTTG AA Tra a a a anf^ a a a & 

TTTAGCTAAAACAGGGGTT A CTTCAACCTC CGATTCTGAAGAAGA AGOAr,ATr,A'rr^AA 

GAAGGTGAAAAGAAGAG A AAAGGTGGGAGGAACTTT CAGAC TGCTrArAr;Aarir;AATA 

AATGGAAACTGAGCAcTcaa aataaaqatqaaqqaaaqaaaccaqaaqttaa dil^Sf^ 

gagaaqaaqcqaqaaaca ccaatqqattctcqactt:caaaqqatacat:qct aae.;.^i-^ 

!^^^^^g?°^'=^^^^^^"=^^^^^'^^^t^^^^'^° ^ ^g^^^tqcat tqaqqccttqqataa 

acttgcttcacttcaqqtcacaatqcaa caaqctcaqaaacacacaqaq ataattagr. 

^cactgaaaaaaatacqqcgattcaaaqtt aqtcaqqtaatcacqqaaaaa tetaeaa 

tgttgtttaacaaqttta agaacatqttcttqqttqqtgaaqqaqattccq taatea;^ 

ccaagtqctgaataaatctcttqctqaaca aagacaqcat gaqqaaqcqaata aaace 

aaagaccaaggqaaqaaagggccaaac a aaaaqctaaagaaqqaacaaac aaaat:f7/.^ 

agactctaa atgqaqq atctgatqctcaaqatqqtaatcaqccacaaca taag Saca^ ' 

gagcaat qaagacagca^gacaaccatqaaqccaqcacgaaqaaaaaqccatccaqt 

gaagagaqagagactqaaatatctctq aaqgattctacactaqatnc t-aaQtfcaaffA 

tacctggaatatagagaacacttgagaagtttgtaatggttttcatttgaaatagact 

gctgaaagttttaaatttttataagcataggtttgatgttgaaaacttgttttgaggq 

agaaaatccctttgttttaaagtaaagtaaacattatcgctaagtgtacttgtgcagt 

attaacagctacattatacagtaaatgtgggatggaatccatttaggaaatgttaaac 

tgcttttccagacatggttgtagcatattttcaattagtgtgtgtatgttaatgtgta 

attgatagtagaacaaagctacatttttaaaactgctacttgtataaaccctgcecct 

tttcccaaatactgtgggttttgtgcatagtttttacaaaccttggacttaccagact 

gtcttttcactgtttgtgggttttgtagaagttacacatttttatggcagataaaatg 

ttacttctatacaagtacccactccctttttatcaaaagttaattttaatctcacagt 

ctacattgtgctacattatccagcttctttggaacaatgtgtgctctgtatggttttt 

tttggtatgacaactaattaagcaactgacattgaactgagaattctacaaactataa 

aacattaatttttgaaggtaatttagttttgtggctgggcattcagtgaagccttagq 
acttctttgcagacaactgactgggta . 
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FIG. 3 A 
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FIG. 3B 
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FIG. 5A 




p52-c probe 




FIG. 5C 

p52>c probe 
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FIG. 6 
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SEQUENCE LISTING 
<110> The National Institutes of Health 

<120> Cloning and Characterization of two novel mRNA transcription 
factors . 

<130> 53465 

<140> 
<141> 

<XSO> 60/108,248 
<1S1> 1998-11-13 

<160> 14 

<170> Patent In Ver. 2.0 

<210> 1 

<211> 2347 

<:212> DMA 

<213> Homo sapiens 

<220> 

<221> CDS 

^222> (25) . . (1617) 

<400> 1 

gacccccggt ctcgcccccg aaac atg act cgc gat ttc aaa act gga gac SI 

Met Thr Arg Asp Phe Lys Pro Gly Asp 
1 5 

etc ate ttc gcc aag atg aaa ggt tat ccc cat tgg cca get cga gta 99 
Leu He Phe Ala Lys Met Lys Gly Tyr Pro His Trp Pro Ala Arg Val 
10 15 20 25 

gac gaa gtt cct gat gga get gta aag cea ecc aca aac aaa eta ccc 147 
Asp Glu Val Pro Asp Gly Ala Val Lys Pro Pro Thr Asn Lys Leu Pro 
30 35 40 

att ttc ttc ttt gga act cat gag act get ttt tta gga cca aag gat 195 
He Phe Phe Phe Gly Thr His Glu Thr Ala Phe Leu Gly Pro Lys Asp 
45 SO 55 

ata ttt cct tac tea gaa aat aag gaa aag tat ggc aaa cea aat aaa 243 
He Phe Pro Tyr Ser Glu Asn Lys Glu Lys Tyr Gly Lys Pro Asn Lys 
fiO 65 70 

aga aaa ggt ttt aat gaa ggt tta tgg gag ata gat aac aat cca aaa 291 
Arg Lys Gly Phe Asn Glu Gly Leu Trp Glu He Asp Asn Asn Pro Lys 
75 80 85 

gtg aaa ttt tea agt caa cag gca gca act aaa caa tea aat gca tea 339 
Val Lys Phe Ser Ser Gin Gin Ala Ala Thr Lys Gin Ser Asn Ala Ser 
90 55 100 105 



tct gat gtt gaa gtt gaa gaa aag gaa act agt get tea aag gaa gat 
Ser Asp Val Glu val Glu Glu Lys Glu Thr Ser Val Ser Lys Glu Asp 



387 



110 115 120 
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acc gac cat gaa gaa aaa gcc age aat. gag gat gtg act aaa gca gtt 435 
Thr Asp His Glu Glu Lys Ala Ser Asn Glu Asp Val Thr Lys Ala Val 
125 130 135 

gac at a act act cca aaa get gcc aga agg ggg aga aag aga aag gca 4 83 
Asp lie Thr Thr Pro Lys Ala Ala Arg Arg Gly Arg Lys Arg Lys Ala 
140 145 ISO 

gaa aaa caa gta gaa act gag gag gca gga gta gtg aca aca gca aca 531 
Glu Lys Gin Val Glu Thr Glu Giu Ala Gly Val Val Thr Thr Ala Thr 
155 160 165 

gca tct gtt aat eta aaa gtg agt cct aaa aga gga cga cct gca get 579 
Ala Ser Val Asn Leu Lys Val Ser Pro Lys Arg Gly Arg Pro Ala Ala 
170 175 180 185 

aca gaa gtc aag att cca aaa cca aga ggc aga ccc aaa atg gta aaa 627 
Thr Glu Val Lys He Pro Lys Pro Arg Gly Arg Pro Lys Met Val Lys 
190 195 200 

cag ccc tgt cct tea gag agt gac ate att act gaa gag gac aaa agt 675 
Gin Pro Cys Pro Ser Glu Ser Asp lie He Thr Glu Glu Asp Lys Ser 
205 210 215 

aag aaa aag ggg caa gag gga aaa caa cct aaa aag cag cct aag aag 723 
Lys Lys Lys Gly Gin Glu Gly Lys Gin Pro Lys Lys Gin Pro Lys Lys 
220 225 230 

gat gaa gag ggc cag aag gaa gaa gat aag cca aga aaa gag ccg gat 771 
Asp Glu Glu Gly Gin Lys Glu Glu Asp Lys Pro Arg Lys Glu Pro Asp 
235 240 245 

aaa aaa gag ggg aag aaa gaa gtt gaa tea aaa agg aaa aat tta get 819 
Lys Lys Glu Gly Lys Lys Glu Val Glu Ser Lys Arg Lys Asn Leu Ala 
250 255 260 265 

aaa aca ggg gtt act tea acc tec gat tct gaa gaa gaa gga gat gat 867 
Lys Thr Gly Val Thr Ser Thr Ser Asp Ser Glu Glu Glu Gly Asp Asp 
270 275 280 

caa gaa ggt gaa aag aag aga aaa ggt ggg agg aac ttt cag act get 915 
Gin Glu Gly Glu Lys Lys Arg Lys Gly Gly Arg Asn Phe Gin Thr Ala 
285 290 295 

cac aga agg aat atg ctg aaa ggc caa cat gag aaa gaa gca gca gat 963 
His Arg Arg Asn Met Leu Lys Gly Gin His Glu Lys Glu Ala Ala Asp 
300 305 310 

cga aaa cgc aag caa gag gaa caa atg gaa act gag cag cag aat aaa 1011 
Arg Lys Arg Lys Gin Giu Glu Gin Met Glu Thr Glu Gin Gin Asn Lys 
315 320 325 

gat gaa gga aag aag cca gaa gtt aag aaa gtg gag aag aag cga gaa 1059 
Asp Glu Gly Lys Lys Pro Glu Val Lys Lys Val Glu Lys Lys Arg Glu 
330 335 340 345 

aca tea atg gat tct cga ctt caa agg ata cat get gag att aaa aat 1107 
Thr Ser Met Asp Ser Arg Leu Gin Arg He His Ala Glu He Lys Asn 
350 355 360 

tea etc aaa att gat aat ctt gat gtg aac aga tgc att gag gcc ttg 1155 

2 
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Ser Leu Lys lie Asp Asn Leu Asp Val Asn Arg Cys lie Glu Ala Leu 
365 370 375 

gat gaa ctt get tea ctt cag gtc aca atg caa caa get cag aaa cac 1203 
Asp Glu Leu Ala Ser Leu Gin Val Thr Met Gin Gin Ala Gin Lys His 
380 385 390 

aca gag atg att act aca ctg aaa aaa ata egg cga ttc aaa gtc agt 1251 
Thr Glu Met lie Thr Thr Leu Lys Lys lie Arg Arg Phe Lys Val Ser 
395 400 405 

cag gca ate atg gaa aag tct aca atg ttg ttt aac aag ttt aag aac 1299 
Gin Val lie Met Glu Lys Ser Thr Met Leu Phe Asn Lys Phe Lys Asn 
410 415 420 425 

atg ttc ttg gtt ggt gaa gga gat tec gtg ate acc caa gtg ctg aat 1347 
Met Phe Leu Val Gly Glu Gly Asp Ser Val lie Thr Gin Val Leu Asn 
430 435 440 

aaa tct ctt get gaa caa aga cag cat gag gaa geg aat aaa acc aaa 1395 
Lys Ser Leu Ala Glu Gin Arg Gin His Glu Glu Ala Asn Lys Thr Lys 
445 450 455 

gat caa ggg aag aaa ggg cca aac aaa aag eta gag aag gaa caa aca 1443 
Asp Gin Gly Lys Lys Gly Pro Asn Lys Lys Leu Glu Lys Glu Gin Thr 
460 465 470 

ggg tea aag act eta aat gga gga tct gat get caa gat ggt aat cag 1491 
Gly Ser Lys Thr Leu Asn Gly Gly Ser Asp Ala Gin Asp Gly Asn Gin 
475 480 485 

cca caa cat aac ggg gag age aat gaa gac age aaa gae aac cat gaa 1539 
Pro Gin His Asn Gly Glu Ser Asn Glu Asp Ser Lys Asp Asn His Glu 
490 495 500 505 

gee age acg aag aaa aag cca tec agt gaa gag aga gag act gaa ata 1587 
Ala Ser Thr Lys Lye Lys Pro Ser Ser Glu Glu Arg Glu Thr Glu lie 
510 515 520 

tct ctg aag gat tct aca eta gat aac tag gttgacatac etggaatata 163 7 

Ser Leu Lys Asp Ser Thr Leu Asp Asn 





525 




530 








gagaacaett 


gagaagtttg 


taatggtttt 


catttgaaat 


agactgetga 


aagttttaaa 


1697 


tttttataag 


cataggtttg 


atgttgaaaa 


cttgttttga 


gggagaaaat 


ccctttgttt 


1757 


taaagtaaag 


taaacattat 


cgctaagtgt 


acttgtgcag 


tattaacage 


tacattatae 


1817 


agtaaatgtg 


ggatggaatc 


catttaggaa 


atgttaaact 


gcttttccag 


acatggttgt 


1877 


agcatatttt 


caattagtgt 


gtgtatgtta 


atgtgtaatt 


gatagtagaa 


caaagttaca 


1937 


tttttaaaac 


tgctacttgt 


ataaacctitg 


cctcttttcc 


eaaatactgt 


gggttttgtg 


1997 


eatagttttt 


acaaaccttg 


gatttaccag 


actgtctttt 


cactgtttgt 


gggttttgta 


2057 


gaagttacac 


atttttatgg 


tagataaaat 


gttacttcta 


tacaagtact 


cactcccttt 


2117 


ttatcaaaag 


ttaattttaa 


tctcacagtc 


tacactgtgc 


tacattatcc 


agcttctttg 


2177 
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gaacaacgtg cgctctgcat ggtictctttt ggtiacgacaa ccaatcaagc aacrgacatt. 223 7 
gaaccgagaa rcccacaaac tataaaacat taatcctcga aggtaattta gttttgtggc 229? 
tgggcattca gtgaagtctt aggacttctt tgcagacaac trgactgggta 2347 



<210> 2 
<211> 530 
<212> PRT 

<2I3> Homo sapiens 
<400> 2 

Met Tbr Arg Asp Phe Lys Pro Gly Asp Leu He Phe Ala Lys Met Lys 
1 5 10 15 

Gly Tyr Pro His Trp Pro Ala Arg Val Asp Glu Val Pro Asp Gly Ala 
20 25 30 



Val Lys Pro Pro Thr Asn Lys Leu Pro He Phe Phe Phe Gly Thr His 
35 40 45 

Glu Thr Ala Phe Leu Gly Pro Lys Asp He Phe Pro Tyr Ser Glu Asn 

50 55 60 

Lys Glu Lys Tyr Gly Lys Pro Asn Lys Arg Lys Gly Phe Asn Glu Gly 
65 70 75 80 

X«eu Trp Glu He Asp Asn Asn Pro Lys Val Lys Phe Ser Ser Gin Gin 
85 90 95 

Ala Ala Thr Lys Gin Ser Asn Ala Ser Ser Asp Val Glu Val Glu Glu 
100 105 110 

Lys Glu Thr Ser Val Ser Lys Glu Asp Thr Asp His Glu Glu Lys Ala 
115 120 125 

Ser Asn Glu Asp Val Thr Lys Ala Val Asp He Thr Thr Pro Lys Ala 
130 135 140 

Ala Arg Arg Gly Arg Lys Arg Lys Ala Glu Lys Gin Val Glu Thr Glu 
145 150 155 160 

Glu Ala Gly Val Val Thr Thr Ala Thr Ala Ser Val Asn Leu Lys Val 
165 170 175 

ser Pro Lys Arg Gly Arg Pro Ala Ala Thr Glu Val Lys He Pro Lys 
180 185 190 

Pro Arg Gly Arg Pro Lys Met Val Lys Gin Pro Cys Pro Ser Glu Ser 
195 200 205 

Asp He He Thr Glu Glu Asp Lys Ser Lys Lys Lys Gly Gin Glu Gly 
210 215 220 

Lys Gin Pro Lys Lys Gin Pro Lys Lys Asp Glu Glu Gly Gin Lys Glu 
225 230 235 240 

Glu Asp Lys Pro Arg Lys Glu Pro Asp Lys Lys Glu Gly Lys Lys Glu 
245 250 255 
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Val Glu Ser Lys Arg Lys Asn Leu Ala Lys Thr Gly Val Thr Ser Thr 
2S0 265 270 

Ser Asp Ser Glu Glu Glu Gly Asp Asp Gin Glu Gly Glu Lys Lys Arg 
275 280 285 

Lys Gly Gly Arg Asn Phe Gin Thr Ala His Arg Arg Asn Met Leu Lys 
290 295 300 

Gly Gin His Glu Lys Glu Ala Ala Asp Arg Lys Arg Lys Gin Glu Glu 

310 315 320 

Gin Met Glu Thr Glu Gin Gin Asn Lys Asp Glu Gly Lys Lys Pro Glu 
325 330 335 

Val Lys Lys Val Glu Lys Lys Arg Glu Thr Ser Met Asp Ser Arg Leu 
3^0 345 350 

Gin Arg He His Ala Glu He Lys Asn Ser Leu Lys lie Asp Asn Leu 
355 360 365 

Asp Val Asn Arg Cys He Glu Ala Leu Asp Glu Leu Ala Ser Leu Gin 
370 375 380 

Val Thr Met Gin Gin Ala Gin Lys His Thr Glu Met He Thr Thr Leu 
3B5 390 395 400 

Lys Lys He Arg Arg Phe Lys Val Ser Gin Val He Met Glu Lys Ser 
405 410 415 

Thr Met Leu Phe Asn Lys Phe Lys Asn Met Phe Leu Val Gly Glu Gly 
420 425 430 

Asp Ser Val He Thr Gin Val Leu Asn Lys Ser Leu Ala Glu Gin Arg 
435 440 445 

Gin His Glu Glu Ala Asn Lys Thr Lys Asp Gin Gly Lys Lys Gly Pro 
450 455 .4gQ 

Asn Lys Lys Leu Glu Lys Glu Gin Thr Gly Ser Lys Thr Leu Asn Gly 
465 470 475 480 

Gly Ser Asp Ala Gin Asp Gly Asn Gin Pro Gin His Asn Gly Glu Ser 
485 490 495 

Asn Glu Asp Ser Lys Asp Asn His Glu Ala Ser Thr Lys Lys Lys Pro 
500 505 510 

Ser Ser Glu Glu Arg Glu Thr Glu lie Ser Leu Lys Asp Ser Thr Leu 
515 520 525 

Asp Asn 
530 



<210> 3 
<:211> 1763 
<212> DWA 

<213> Homo sapiens 

<:220> 
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<221> CBS 

<222> C78) . . (1079; 
<400> 3 

gaattcgcgg ccgccccgcg ccgccgcatc tcctcgccgc ctcccgggct tcggaccccc 60 

^ ;s tr. L" i?- 1~ s ?n "° 
JJ= q I", m '^i i% t!i t3- r.t 

25 

?is ^ I!' L" s:; j^; 



35 40 



s s?; us iti - - If- - - «. - 

50 55 



2 06 



254 



302 



i Hi iL' I?: - 1?= j;: ;s -41 

65 70 75 

15 L': is IS L-j ?s ?i? 

90 

lit til s: j;; SI s L-,' s: 1." s - 
■?." i" iL' sr: ?s is ?it i" l-^ 

S-: ^ S: I- L-^ IS L'^ ?3 - SI ?L- 
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s ir, til 21 ;^ - ^ - - - 



446 



4 94 



X55 



ss IS ?£ IS IS Sa- If- ill ?2 ?s It: ?s 
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590 



165 
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180 
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aag ggg caa gag gga aaa caa cct aaa aag cag cct aag aaa aac naa itt-y 
Lys Gly Gin Glu Gly Uys Gl„ Pro I.ys Lyf Gi? Pro ^yf I^p Itu 

"° 225 230 235 

III Gin ni^ ^aa 830 

Glu Gly Gin Lys Glu Glu Asp Lys Pro Arg Lys Glu Pro Asp Lys Lys 
240 245 



gag ggg aag aaa gaa gtc gaa tea aaa agg aaa aat tta get aaa aca 
Glu Gly Lys Lys Glu Val Glu Ser Lys Arg Lys Asn Leu 111 Lys ?hr 

260 265 



878 



ggg gtt act tea acc tec gac tct gaa gaa gaa gga gat oat caa aaa 92« 
Gly val Thr Ser Thr Ser Asp Ser Glu llu llu S?y Sp ^ Tx^ 

275 280 

ggt gaa aag aag aga aaa ggt ggg agg aac ttt cag act get cac aca 974 
Gly Glu Lys Lys Arg Lys Gly Gly Arg Asn Phe Gin Thr til His J?g 

290 295 

agg aat atg ctg aaa ggc caa cat gag aaa gaa gca gca aat coa aaa io?5 
Arg Asn Met Leu L>.s Gly Gin His Glu Lys llu La Sa flp 1% lyt 

305 

cgc aag caa gag gaa caa atg gaa act gag cac caa aca aca tqt aat 1070 
Arg Lys Gin Glu Glu Gin Met Glu Thr Slu His Gin Thr ?^r ^1 til 
320 325 

L^u atl ""^^ taaaaaatat atctcatttt gggctcaaag cattaatcca 

gttactgaaa agagaataca agtggagcaa acaagagacg aagatcttga tacagactca 1X79 
tcggactgaa tttccccctt ccccccatga tggaagaatg ctcagattct aaattgagga 1239 
cttcattatt aatggcacta ctgtgttatg attaacaaat ttcttgtaag gtacacacta 1299 
catactaagg tcggccatca ttccgttttt tttttttctt tttcttttaa ccaagcttaa 1359 
aacgaagctt aaaatgaagc tttgtgtttg aaagtaataa caagctcaga cgaagatggt 14X9 
ggttgtacac tattcatcta gaaaatataa aaattcattt tgttttgaag ctagttatta X479 
aactggaata gcagttacat ccctgagaat ggggcccttc tcttgacatt ccttttgttg 1539 
tttaattett tagaatctta ataaatgttt ttttaatcct gagagattaa acagtagtag 1599 
acttgttaag aatgaaactg taaccaaaat tttaaaataa agtttttttt aaaaaaaaaa X659 
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 17X9 
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa gcggccgcga attc 1753 

<210> 4 
<21X> 333 
<2X2> PRT 

<213> Homo sapiens 
<400> 4 
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Met Thr Arg Asp Phe Lys Pro Gly Asp Lsu lie Phe Ala Lys Met Lys 
15 10 IS 

Gly Tyr Pro His Trp Pro Ala Arg Val Asp Glu Val Pro Asp Gly Ala 
20 25 30 

Val Lys Pro Pro Thr Asn Lys Leu Pro lie Phe Phe Phe Gly Thr His 
35 40 45 

Glu Thr Ala Phe Leu Gly Pro Lys Asp lie Phe Pro Tyr Ser Glu Asn 
50 55 60 

Lys Glu Lys Tyr Gly Lys Pro Asn Lys Arg Lys Gly Phe Asn Glu Gly 
65 70 75 80 

Leu Trp Glu He Asp Asn Asn Pro Lys Val Lys Phe Ser Ser Gin Gin 
85 90 95 

Ala Ala Thr Lys Gin Ser Asn Ala Ser Ser Asp Val Glu Val Glu Glu 
100 105 110 

Lys Glu Thr Ser Val Ser Lys Glu Asp Thr Asp His Glu Glu Lys AJ.a 
IIS 120 125 

Ser Asn Glu Asp Val Thr Lys Ala Val Asp Xle Thr Thr Pro Lys Ala 
130 135 140 

. Ala Arg Arg Gly Arg Lys Arg Lys Ala Glu Lys Gin Val Glu Thr Glu 
145 ISO 155 160 

Glu Ala Gly Val Val Thr Thr Ala Thr Ala Ser Val Asn Leu Lys Val 
165 170 175 

Ser Pro Lys Arg Gly Arg Pro Ala Ala Thr Glu Val Lys lie Pro Lys 
180 185 190 

Pro Arg Gly Arg Pro Lys Met Val Lys Gin Pro Cys Pro Ser Glu Ser 
195 200 205 

Asp He He Thr Glu Glu Asp Lys Ser Lys Lys Lys Gly Gin Glu Gly 
210 215 220 

Lys Gin Pro Lys Lys Gin Pro Lys Lys Asp Glu Glu Gly Gin Lys Glu 
225 230 235 240 

Glu Asp Lys Pro Arg Lys Glu Pro Asp Lys Lys Glu Gly Lys Lys Glu 
245 250 255 

Val Glu Ser Lys Arg Lys Asn Leu Ala Lys Thr Gly Val Thr Ser Thr 
260 265 270 

Ser Asp Ser Glu Glu Glu Gly Asp Asp Gin Glu Gly Glu Lys Lys Arg 
275 280 285 

Lys Gly Gly Arg Asn Phe Gin Thr Ala His Arg Arg Asn Met Leu Lys 
290 295 300 

Gly Gin His Glu Lys Glu Ala Ala Asp Arg Lys Arg Lys Gin Glu Glu 
305 310 315 320 

Gin Met Glu Thr Glu His Gin Thr Thr Cys Asn Leu Gin 
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325 330 

<210> 5 
<211> 325 
<212> PRT 

<213> Homo sapiens 
<400> 5 

Met Thr Arg Asp Phe Lys Pro Gly Asp Leu He Phe Ala Lys Met Lys 
1 5 10 15 

Gly Tyr Pro His Trp Pro Ala Arg Val Asp Glu Val Pro Asp Gly Ala 
20 25 30 

Val Lys Pro Pro Thr Asn Lys Leu Pro He Phe Phe Phe Gly Thr His 
35 40 45 

Glu Thr Ala Phe Leu Gly Pro Lys Asp He Phe Pro Tyr Ser Glu Asn 
50 55 60 

Lys Glu Lys Tyr Gly Lys Pro Asn Lys Arg Lys Gly Phe Asn Glu Gly 
fiS 70 75 60 

Xicu Trp Glu He Asp Asn Asn Pro Lys Val Lys Phe Ser Ser Gin Gin 
85 90 95 

Ala Ala Thr Lys Gin Ser Asn Ala Ser Ser Asp Val Glu Val Glu Glu 
100 105 110 

Lys Glu Thr Ser Val Ser Lys Glu Asp Thr Asp His Glu Glu Lys Ala 
115 120 125 

Ser Asn Glu Asp Val Thr Lys Ala Val Asp He Thr Thr Pro Lys Ala 
130 135 140 

Ala Arg Arg Gly Arg Lys Arg Lys Ala Glu Lys Gin Val Glu Thr Glu 
^-^5 150 155 160 

Glu Ala Gly Val Val Thr Thr Ala Thr Ala Ser Val Asn Leu Lys Val 
165 170 175 

Ser Pro Lys Arg Gly Arg Pro Ala Ala Thr Glu Val Lys Xle Pro Lys 
160 185 190 

Pro Arg Gly Arg Pro Lys Met Val Lys Gin Pro Cys Pro Ser Glu Ser 
195 200 205 

Asp He He Thr Glu Glu Asp Lys Ser Lys Lys Lys Gly Gin Glu Gly 
210 215 220 

Lys Gin Pro Lys Lys Gin Pro Lys Lys Asp Glu Glu Gly Gin Lys Glu 
225 230 235 240 

Glu Asp Lys Pro Arg Lys Glu Pro Asp Lys Lys Glu Gly Lys Lys Glu 
245 250 255 

Val Glu Ser Lys Arg Lys Asn Leu Ala Lys Thr Gly Val Thr Ser Thr 
260 265 270 

Ser Asp Ser Glu Glu Glu Gly Asp Asp Gin Glu Gly Glu Lys Lys Arg 
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275 280 265 

Lys Gly Gly Arg Asn Phe GXn Thr Ala His Arg Arg Asn Ser Leu Lys 
290 295 300 

Gly Gin His Glu Lys Glu Ala Ala Asp Arg Lys Glu Lys Gin Glu Glu 
305 310 315 320 

Gin Met Glu Thr Glu 
325 



<210> 6 

c211> 8 

<212> PRT 

<:213> Homo sapiens 

<:400> 6 

His Gin Thr Thr Cys Asn Leu Gin 
1 5 



<210> 7 
<211> 47 
<23.2> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: 
ol igonucleot ide 

<220> 

<221> raodif ied_base 
c222> (1)..(47} 

<223> n represents inosine; r represents g or a . 

<400> 7 

gatttcaarc cnggngatct ntttgcnaar atgaarggnt acccnca 47 



<210> 8 

<211> 179 

<212> PRT 

<213> Homo sapiens 

<400> 8 

Met Thr Arg Asp Phe Lys Pro Gly Asp Leu lie Phe Ala Lys Met Lys 
15 10 15 

Gly Tyr Pro His Trp Pro Ala Arg Val Asp Glu Val Pro Asp Gly Ala 
20 25 30 

Val Lys Pro Pro Thr Asn Lys Leu Pro lie Phe Phe Phe Gly Thr His 
35 40 45 

Glu Thr Ala Phe Leu Gly Pro Lys Asp lie Phe Pro Tyr Ser Glu Asn 
50 55 60 

Lys Glu Lys Tyr Gly Lys Pro Asn Lys Arg Lys Gly Phe Asn Glu Gly 
65 70 75 80 
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Leu Trp Glu lie Asp Asn Asn Pro I*ys Val Lys Phe Ser Ser Gin Gin 
85 90 95 

Ala Ala Thr Lys Gin Ser Asn Ala Ser Ser Asp Val Glu Val Glu Glu 
100 105 110 

Lys Glu Thr Ser Val Ser Lys Glu Asp Thr Asp His Glu Glu Lys Ala 
115 120 125 

Ser Asn Glu Asp Val Thr Lys Ala Val Asp lie Thr Thr Pro Lys Ala 
130 135 140 

Ala Arg Arg Gly Arg Lys Arg Lys Ala Glu Lys Gin Val Glu Thr Glu 
145 150 155 160 

Glu Ala Gly Val Val Thr Thr Ala Thr Ala Ser Val Asn Leu Lys Val 
165 170 175 

Ser Pro Lys 



<2io> 9 
<211> 1001 
<212> DNA 

<213> Homo sapiens 
<400> 9 

gacccccggt ctcgcccccg aaacatgact cgcgatttca aacctggaga cctcatettc 60 
gccaagatga aaggctaccc ccattggcca gctcgagtag acgaagttcc tgatggagct 120 
g^aaagccac ccacaaacaa actacccact ctcttttttg gaactcatga gactgctttt 180 
ttaggaccaa aggatatatt tccttactca gaaaatiaagg aaaagtatgg caaaccaaat 24 0 
aaaagaaaag gttttaatga aggtttatgg gagatzagata acaatccaaa agtgaaattt 300 
ccaagccaac aggcagcaac taaacaatca aatgcaccat ctgatgttga agttgaagaa 360 
aaggaaacta gtgtttcaaa ggaagatacc gaccatgaag aaaaagccag caatgaggat 420 
gtgactiaaag cagttgacat aactactcca aaagctgcca gaagggggag aaagagaaag 4 80 
gcagaaaaac aagtagaaac tgaggaggca ggagtagtga caacagcaac agcatctgtt 540 
aatctaaaag tgagtcctaa aagaggacga cctgcagc^a cagaagrcaa gatcccaaaa 600 
ccaagaggca gacccaaaat ggcaaaacag ccctgtcctt cagagagtga catcatcact 660 
gaagaggaca aaagtaagaa aaaggggcaa gagggaaaac aacctaaaaa gcagcctaag 72 0 
aaggatgaag agggccagaa ggaagaagat aagccaagaa aagagccgga taaaaaagag 7B0 
gggaagaaag aagttgaa^c aaaaaggaaa aatttagcta aaacaggggt tacttcaacc S40 
tccgattctg aagaagaagg agatgaticaa gaaggtgaaa agaagagaaa aggtgggagg 900 
aactttcaga ctgctcacag aaggaatatg ctgaaaggcc aacatgagaa agaagcagca 960 
gatcgaaaac gcaagcaaga ggaacaaatg gaaaccgagc a 1001 
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<210> 10 

<211> 24 

<;212> DNA 

<213> Homo sapiens 

<220> 
<221> CDS 
<;222> (1) . . (24) 

<400> 10 

cac caa aca aca tgc aat: ct:a cag 

His Oln Thr Thr Cys Asn Leu Gin 

1 S 



<210> 11 

<211> 25 

<212> PRT 

<:213> Homo sapiens 

<220> 

<221> UNSURE 
<222> (1)..{25) 

<222> Xaa represent.5 any amino acid residue 
<400> 11 

Xaa Xaa Asp Phe Lys Pro Gly Asp Leu lie Phe Ala Lys Met Lys Gly 
15 10 15 

Tyr Pro His Xaa Pro Ala Xaa Val Asp 
20 25 



<210> 12 

c211> 23 

<212> PRT 

<213> Homo sapiens 

<220> 

<22i> Unsure 

<222> (1) 

<223> Xaa or Gly or Lys 
<220> 

<221> UNSURE 
<222> (4) 

<223> Xaa represents Thr or His 
<220> 

<221> UNSURE 
<222> (8) 

c223> Xaa represents Ser or Arg 
<220> 

<221> UNSURE 
<222> (IS) 

<223> Xaa represents Gly or Ala 
<400> 12 
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Xaa Tyr Pro Xaa Ser Pro Ala Xaa Val Asp Giu Val Pro Asp Xaa Ala 
^ 5 10 15 

Val Lys Pro Pro Thr Asn bys 
20 



<210> 13 

<211> 14 

<212> PRT 

<213> Homo sapiens 

<400> 13 

Gly Phe Asn Glu Gly Leu Trp Glu He Asp Asn Asn Pro Lys 
15 10 



<210> 14 

<211> 205 

<212> PRT 

<213> Homo sapiens 

<400> 14 

Gin Gin Asn Lys Asp Glu Gly Lys Lys Pro Glu Val Lys Lys Val Glu 
15 10 15 

Lys Lys Arg Glu TJrr Ser Met Asp Ser Arg Leu Gin Arg lie His Ala 
20 25 30 

Glu He Lys Asn Ser Leu Lys He Asp Asn Leu Asp Val Asn Arg Cys 

35 40 45 

He Glu Ala Leu Asp Glu Leu Ala Ser Leu Gin Val Thr Met Gin Gin 
50 55 SO 

Ala Gin Lys His Thr Glu Met He Thr Thr Leu Lys Lys He Arg Arg 
S5 70 75 80 

Phe Lys Val Ser Gin Val He Met Glu Lys Ser Thr Met Leu Phe Asn 
85 90 95 

Lys Phe Lys Asn Met Phe Leu Val Gly Glu Gly Asp Ser Val He Thr 
100 105 110 

Gin Val Leu Asn Lys Ser Leu Ala Glu Gin Arg Gin His Glu Glu Ala 
115 120 125 

Asn Lys Thr Lys Asp Gin Gly Lys Lys Gly Pro Asn Lys Lys Leu Glu 
130 135 140 

Lys Glu Gin Thr Gly Ser Lys Thr Leu Asn Gly Gly Ser Asp Ala Gin 

150 155 X60 

Asp Gly Asn Gin Pro Gin His Asn Gly Glu Ser Asn Glu Asp Ser Lys 
165 170 175 

Asp Asn His Glu Ala Ser Thr Lys Lys Lys Pro Ser Ser Glu Glu Arg 
180 185 190 

Glu Thr Glu He Ser Leu Lys Asp Ser Thr Leu Asp Asn 
195 200 205 

13 
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